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I. Mature male Japanese quail ‘(Coturnix coturnix 


Japonica) reared under continuous light or long photoperiods 
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have gonads of maximal size, which then regress when the 


to dark- 
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birds are transferred to a short photope 
ness. This photoperiodic testicular response has been 
studied with respect to the location of the photoreceptor (s}), 
the errect tor changes im [icht-antensity, “and the action 
spectrum for gonadal maintenance. 

The photoreceptor (s) for the photoperiodic testic- 
ular response is shown to be restricted to the head region. 
Since the response of the testes to light was observed after 
removal of the eyes, the pineal body and the Harderian 
glands, the brain itself (probably the hypothalamus) seems 
to be the major photoreceptor. The possible function of 
the eyes and the pineal body as auxiliary photorecepto 
Or as light guides is suggested. The Harderian gland does 
not seem to be a photoreceptor in Japanese quail. 

The light intensity threshold of white light 
necessary to maintain maximal gonadal size in both intact 
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and enucleated adult male gquail was determined to be 
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effective portions of the spectrum for maintenance of 


maximal gonadal size were red (625 nm) and green (500 run) 
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but not blue (45( 


2 , ae 52 . 
uw/cem'), while red Light was effective but green and blue 


nm) when the light was dim (4.0 - 9.6 


light were ineffective at one tenth of this intensity 
(x 0.1 dim light). In enucleated birds, the action spec- 
trum under dim iight was the same as for intact birds at 
poh AR Ee eds ee PE Re aig eae 

Six.factors {energy of light, number of photons, 
wavelength, photoperiod, absorption of light by tissues, 
Site of photoreceptor) are discussed in an effort to inter- 
pret these results. 

II. Endocrine organ weights (pituitary, adrenal 
and gonad) were higher in birds maintained under continuous 


light (24L/0D) than in a short photoperiod (8L/16D) in 
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5-week old quail after 3 week ighnting treatment. These 
responses of pituitary and adrenal weight to the photoper- 
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lod were abolished by pinealect 


females, while gonadal weight was not affected by pineal- 


ectomy. There was no effect of either the photoperiod or 
pinealectomy on body weight and thyroid weight. 
Pineal. hydroxyindole~O-methyltransferase (HIOMT) 


activity of adult birds was high in light and low in dark- 
ness. 
Hypophysectomy caused marked atrophy of the gonads 


and adrenals of young birds and atrophy of gonads but not 
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adrenals in older birds, while body weight, pineal weight, 
pineal HIOMT activity and thyroid weight were not alterec 
by hypophysectomy. 

Three types cf cells were identified electron 
microscopically in the parenchyma cf the pineal: photo- 
receptor cells (pinealocytes), supportive cells (glial 
cells), and nerve cells (ganglion celis). Both rudimen- 
tary photoreceptor structures and secretory granules (800 - 

re) 
1,200 A-in diameter) were observed in the photoreceptor 
cells. There waS a greater number of secretory granules 
in the pericapillary area under continuous light than under 
continuous darkness. Half depleted and completely depleted 
dense-cored membrane-limited vesicles were frequently 
observed in pineal nerve endings under continuous dark- 
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Electron micrograph showing discs in the 


outer segment of a pineal photoreceptor cell. 


A photoreceptor cell process with prominent 
Golgi apparatus, in the lumen of a pineal 
lobule. 


Apical portions Of a piotoreceptor cell 
(dark)y and ia supportive celdi> (ight). 


A large nucleus with prominent nucieolei 
ana Slim, cytoplasm, characterizing theliderk 
photoreceptor cell. 


Basal portions Of Several photoreceptor cells’. 


A ganglion cell body with numerous mito- 
chondria. 


A nerve ending adjacent to several photo- 
Teceptor cell processes < 


me Lamellar Complex of a photoreceptor cell. 


A cilium connected to the inner segment of 
a Cnotorecepeor cell. 
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The apreal™ portion o€f 
and a supportive cell. 


a photore 


AS portson ‘Of the cytoplasm ‘ef a 


cell, gi ae ae abundant Golgi apparatus, 
with vesicles. 

A ganglion cell body embedded in the processe 
Of several photoreceptor cells and surrounded 
by a basement membrane. 

Myelinated and unmyelinated nerve fibers in 
the pericapillary area. 

Numerous membrane~limited dense-cored vesicles 
(secretory granules) in the processes of a 
photoreceptor cell, close to the basement 
membrane. 

Secretory granules of a photoreceptor cell 

in higher magnification than Figure 38. 
PEGOGeESSeS Of a. photoreceptor cell. 

Processes Of a photoreceptor céll and nerve 
endings in the pericapillary. area. 

A nerve ending surrounded by: photoreceptor 
celleprocesses 

Photo yr cell processes bordering the 
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Lumen of a pineal lobule. 
The process of a photoreceptor c¢ 


ing into the lumen of a dobule. 


A nerve ending and the processes 
photoreceptor cells in the peric 


cored ves 
cell 


Membrane-limited dense- 
process of a photoreceptor 
Jumen 
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Hage 
Unmyelinated nerve bundles in the pericapillary 
area. Loa: 
Processes of photoreceptor cells and nerve 
endings. 182 


A nerve ending at high magnification. 183 
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I. GENERAL INTRODUCTION 


HomeosStatice control (or thesumiliensinterteur” 
resides in both the nervous and endocrine systems. The 
Lncernalvenvironment, is not static, however, but is respon— 
Sive to changes in the external environment. Light is one 
of the most important and well investigated aspects of 
the external environment affecting animals. 

The eye has been considered to be the primary 
photoreceptor, and this is true in the case of vision. 
However, an increasing number of studies suggest that, 
the eye 
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even. in higher vertebr 
some responses to light, such as the photoperiodic gonadal 
response in birds (Benoit, 1964; Menaker, 1971). Thus, 
the location and nature of possible photoreceptors for 

the photoperiodic testicular response of Japanese quail 
have been studied. 

The mammalian pineal body, which was once con- 
sidered to be a rudimentary organ, has attracted renewed 
interest recently because now it is considered to be a 
neuroendocrine transducer for light information and pos- 
sibly for some other environmental variables (Wurtman and 
Arto Lay, oO OOrmOua ys Loi 0). we COLei id 2G) SDo ented out 


that the pineal photoreceptor cells have both photorecep-— 


toreancd Sseeretory fLunctionssin, lower vertebrates.” The 
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phylogenetic teend.is toward .lossscof thespnotoreceptor 
function and increased secretory function in higher ver- 
tebrates. The avian pineal is of Sic y rhe see teoreercare 
DeCeuse Hirds Occupy an Intermediate position between 
mammals and lower vertebrates. Thus, the pineal of Jap~- 
anese nisin bas been Studied in its relation to the photo 
environment, and to several endocrine glands. 


Mie-dapanese quail (Coturnax coturnix Japonica) 


was the experimental animal of choice because of its 
extreme sensitivity to the photoperiod, its short life 
Span (reaching maturity in 6 weeks), its resistence to 
disease, and the.ease of handling of this laboratory ani- 


mal. 
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II. GENERAL MATERIALS AND METHODS 


Japanese quail (Coturnix coturnix japonica), 
hatched from stock maintained at this laboratory for 
several years, were reared in floor pens under continuous 
incandescent illumination until the beginning of each 
experiment. Brooder heat was supplied during the early 
weeks. During experiments, which began at the ages indi- 
cated, adult birds were housed in environment chambers 
measuring 24" x 24" x 16" high, and incorporating suitable 
light, temperature and ventilation controls. Food (comm- 
ercial turkey starter) and water were supplied ad libitum. 

The photoperiod was controlled by timeclocks*. 
Incandescent illumination was provided by a 7.5 watt bulb 
mounted in the top of each environment chamber. The light 
energy at bird height was 156 uw/em? (S267 fe cee = 260 
lux). Reduced light intensities were achieved by neutral 
density filters. The light source and coloured filters 
used for action spectrum studies are described in Section 
III-B. Light energy was measured with an ISCO model SR 
spectroradiometer**. Body weights were measured on a 
* Paragon Electron Co., Two Rivers, Wisconsin 


*% Instrumentation Specialties Co., Lincoln, Nebraska 
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triple beam Dial-O-Gram scale***, and for organ weights 

@ Precision seOrstonmoalance*****tecensitive toel0 mg, and 

a precision balance*****, sensitive to 0.01 mg were used. 
Animal surgery was performed under Nembutal (Sodium pento- 
ee anesthesia (0.15 ml/100 gm body weight). <All 
experiments in Section III were based on the observation 
that adult bards reared under a long photoperiod or con 
tinuous light have fully developed testes, and the gonads 
regress when a short photoperiod is applied. For statis- 


tical analysis of the data, Student's t test was used. 


sada OHAUS Scale Co.., Union, New Jersey 
zkk*k The Torsion Balance Co., Montreal, Quebec 


kkkKK Foderal Pacific Electric Co., Newark, New Jersey 
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Ce ehOrTOnReiCherrOon IN THE PHOTOPERLODEC 


TESTICULAR RESPONSE OF JAPANESE QUAIL 


A. THE LOCATION OF THE PHOTORECEPTOR (S) 
INTRODUCTION 

The problems which are involved in the study of 
PNOLOTeECeption “are, 1) "the site of “the pnotoreceptor (ss), 
2) the action spectrum of the response, 3) the effective 
intensity of light te elicit the response. In this sec~ 
tion, I have concentrated on fle toGation "Of fehe photo~ 
receptor for the response of the testes to changing envir= 
called “the 
photoperiodic gonadal response. A specific phase of this 
response was ‘chosen for this study, that is, the mainten- 
ance of mature testes under a long photoperiod or continu- 
‘ous light, and the regression of-the testes undér a short 
Protoper tod "or continuous darkness: 

fhe eye is a highly specialized photoreceptor 
forevision. However, fc Is apparently not the sole pnoto— 
receptor of the body; many reports indicate the existenc 
of extraocular photoreceptors in various phyla of animals. 
Electrophysiological investigations in invertebrates 
revealea that the abdomimial ganglion in “crayfish (Kennedy, 
1963), the pallial nerves of a-lamellibranch (Kennedy, 


S61) } and the radial nerves “in anvechtinoid ‘(Yoshida “and 
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MII OtuylIgso)Grespond to, light. ‘Histological investi-— 
gation in squids demonstrated extraocular photoreceptors 
(Baumann et al, 1970). In insects, the brain seems to be 
thespnororecesntor foriphotoperiodically controlled dia= 
pPausernDemVilde et¥al 31959; SWillaams ettaly e965) and 
for the preduction of sexual and parthenogenetic females 
in aphids (Lees, 1964). 

in lower vertebrates, electrophysiologicai stu= 
dies have shown that the pineal body and/or parapineal 
body, which has a retina-like structure, responds directly 
Oe LIL Umi nat Tenn Dodi gel963%" Morita, G)l96G as) Hanyu eval, 
LUIGI ingireing (bedt sand Heerdy; 1962; (bod. and. Facobsany tises 
Mortue enoepcdey 1965;SDodtwanditorita, 19677 in) amphibians; 
Milier andsWolbarsht>o1962> Dodt and©@Scherer,9 19632 
Hamasaki, 1968, in reptiles). As cited below, physiolog- 
ical observations also have shown that there is an extra- 
retinal photoreceptor(s) in lower vertebrates. The pineal 
body seems to be a photoreceptor for light-induced chroma- 
tophore contraction in cyclostomes (Young, 1935; Eddy and 
Strahan, 1968). Extraretinal photoreception is reported 
to be involved in vertebrate phototaxis and/or pigmentary 
responses (Fenwick, 1970; Hafeez and Quay, 1970, in fish; 
Mrosovsky and Tress, 1966; Taylor and Ferguson, 1970, are 


amphibians), and in circadian locomotor rhythms entrained 
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bythe» photoperiod) (Adler, 1969; 1970, im*amphibians; 
Underwoad andiMenaken; 1970sbeinereptites )yorClausensand 
Mofshin (1939) identified pineal and dermal photoreceptors 
ine lazardsvonithetbasisnot diftferencestin the ratewoft oxy- 
Geneconstimptteontunder darkrandplight comditions: 

Extraretinal photoreceptors have been suggested 
even in mammals (Lisk and Kannwischer, 1964, in adult rats; 
2uG1LO GUMalpelIoGwmsSnyder,, D968) tneneéonatal rats) }talthnough 
the eyes seem to be the primary photoreceptor (Moore, 1969). 
Wettexberguet lal (1970 sa, b) reported that: the Harderian 
gland is an extraretinal photoreceptor which participates 
in photoperiodically controlled serotonin and HIOMT rhythms 
in the pineal, body of neonatal rats. 

Tnewbirds;  Benotie(h) S5ebe ic )lewasmonesoreathesgrirst 
to suggest the existence of extraretinal photoreceptors for 
the photoperiodic gonadal response. Benoit and his col- 
leagues conclhudedsathat both theseyes*and acdeep photorecep— 
tor) (hyoothalamuss ?) participate rin themphotoperiodicvgon- 
adal response in ducks (Benoit, 1964). (The existence of 
an extraretinal photoreceptor (s) ~has beermiconfirmed for 
several species of birds since Benoit? s wroneer work 
(lehibachaiy LOOT + puauber et al, 21966; Cokawa,) 1970 a,b, 
injstherchicken;.Olshi-etyal, 1966; Sayler and Wolfson, 


1968 b, in Japanese quail; Menaker and Keatts, 1908; Under- 
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wood and Menaker, 1970 a, in the house sparrow; Rosner ae 
al, 11971, inethe duck): Consequently, extraretinal photo- 
yeception seens tothave vancimportant rolewin. thesphoto= 
periodic responses of animals, as Menaker and his col- 
leagues emphasized in several papers (Menaker, 1968, 1971; 
Menaker and Keatts, 1968; Menaker et ai, 1970; Underwood 
and Menaker, 1970 a). The photoreceptor(s) for photoper- 
iodic gonadal responses of birds seems to be restricted 

to the head region: gonadal activity was suppressed when 
the whole head was covered with a black cloth (Benoit, 1935 
a,elos7 anethesducks O1rshi, .967.anvdapanese quad 
Ringoen and Kirschbaum, 1938, in the English sparrow), 
although an exception was reported by Ivanova in the 

house sparrow (1935). Several possible photoreceptors 

have been suggested: the eye (Benoit, 1964), the hypothal- 
amusv (Benoit, 1964+ Liskiand Kannwischer, 1964); thetpineal 
beoaye \Orsheeandukato,e296cruMunns e070; 8 Rosnerr et aly 
1974) (meandethedhardertan gland (Wetterberg ctval , 1370Fa, 


Jeo) 


MATERIALS AND METHODS 
Experiment I: This experiment was designed to 
confirm the location of the photoreceptor(s) in the head 
region and to check the effect of time of feeding, which 


must be restricted when the head is covered by a hood. 
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tae pourline or the vexperiment 1s shown in Figure 1. 
Adult male quail (6 week old) reared under continuous 
iiqnt (240/0D) were divided into two groups. For group 
Ay (control), food was supplied for oniy 8. hours, between 
0800 and 1600; in group B, the head was covered with a 
HocovmMeceweromeblacks Clot), FOr 6b ners, betweenelou0 
and 0800, and food was supplied between 0800 and 1600. 
Both A ana B groups were kept in continuous light for two 
weeks. All the birds were killed by decapitation, and 
body weights and testis weights were measured. Tempera- 
EULGein the tiamoers was 31.672 0.2°C,. “haghtlintemsity 
was 157 uw/em-. 

Experiment II: This experiment was designed to 
test the existence of an extraretinal, extrapineal photo- 
receptor. The outline cf the experiment is shown in 
Figure 3. Adult male quail (6. or 8 week old) reared under 
TAL/IOD were put in continuous tight. (24L/0D) ,for 2 weeks 
and then divided into 7 groups. Groups A and B represented 
Wnoveraveq. cOntrols...0n (Coand D groups, stieseyesiwere 
removed and sham pinealectomy was performed. In groups 
E and F, both the eyes and the pineal body were removed. 
In group G, the eyes and the pineal body were removed and 
the eye sockets were coated with black gum arabicum. 


Group A, C, E, and G birds were keptuinm:continuous light 
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(24/7 OD) group ebs D, wand F birds were kept) in a short 
photoperiod (8L/16D) for 22 days, at which time the experi- 
ment was terminated for cuba groups. 

Enucleation of one eye was done 13 days before 
the start of the experiment, and the other eye was removed 
2 days later. After removal of the eyeball, cotton was 
used to control bleeding. Pinealectomy or sham operation 
was done 7 days before the start of the experiment. For 
pinealectomy, the skin on the top of the head was cut to 
expose’ the skull. An incision (0.25 sary in theyskubl 
above the pineal body was cut with a dental drill and a 
scalpel. The pineal body was removed with forceps through 
a hole made in the meninges. Fibrin foam (Gelfoam*) was 
placed on the wound to stop bleeding, and the skin was 
drawn together with two wound clips. 

Light intensity was 15.7 uw /em- (ORY hie. Wcrayne6 
fiw) > whch was “ones tenth “of thetintenss ty used Fin Experi— 
nent slaw Tenperatuneswase 30.2 260) *OmC > 

Experiment III: This was a preliminary experi- 
ment designed to check whether or not the Harderian gland 
is a photoreceptor for the photoperiodic gonadal response. 
The detaris are shown in Figure 5: “Adult male ‘quail (15 
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week old) were divided into 4 groups. A and B groups 
served as controls. Eyes were removed from groups C and 

D birds. Harderian glands were removed as well from birds 
In Group DspeGroups A ye C, and D wene kept Gn continuous 
light and group B birds were kept in a short photoperiod 
(8L/16D). After 6 weeks of the experiment, birds in group 
A, B and C were killed, and body weights and testis weights 
were measured. In Ragan the size of the cloacal gland 
was checked and then the birds were divided into two sub- 
groups (E and F). Pineal bodies of the group F birds 

were removed. Both E and F groups were kept in continuous 
PGi ta eLOime another, 17 Sees neal termination of the experi- 
MNCHhitvwes Cliper amine Was. 0.9 st 076, 7C. alignt.sntensity. was 


157 uw/em?. 


RESULTS 

Experiment I: The results are shown in Table I 
and Figure 2. Group A birds (under 24L/0D, without hoods 
and with a restricted feeding period) maintained mature 
Pes eles Welcqicm 200 esl Lo emo) WON themOLner wand a rOup 
B birds (under 24L/0D, with hoods and with a restricted 
feeding period) showed considerably reduced testicular 
weight (222 £ 62 mg). The difference was highly significant 
(p< 60.001). Consequently, the assumption that a restric-— 


ted feeding period might have an éffect on gonadal activity 
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can be discarded. The results confirmed that the photo- 
receptor(s) for the photoperiodic gonadal response is in 
the head region. 

Experiment II: The results are shown in Table 
If and Figure 4. Group A birds (24L/0D, control) main- 
tained testis weight (1,483 + 66 mg) as expected. Birds 
in group B (8L/16D, control) showed drastically reduced 
testrsewei ones (6958+ e205 mos p< 0001), “atbter ther 22edavys 
of the experimental period. Although both eyes were re- 
moved, testis weights were maintained by group C birds 
(24L,/0D), and decreased in group D birds (8L/16D). The 
difference between group C and D is not statistically sig- 
nificant, but this seems to be due to the small number of 
birds in group C (a number of these quail died after sur- 
gery). However, it is still appropriate to conclude that 
birds are able to receive light without the eyes, since 
group C birds maintained testis weights equal to those of 
groups A and E birds and testes of group D birds were 
significantly smaller than those of groups A and E birds 
(pec eOs U2 ew ondup <20,05, CespectLvely) mm ALCer spine l= 
ectomy and enucleation, group E birds maintained high 
testis weight and group F birds showed reduced testis 
weight. The difference is statistically significant (p 


< 0.05). Group G birds (pinealectomized and eye sockets 
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Design of Experiment I (Section III-A) to 
confirm the existence of the photoreceptor (s) 


in the head region. 


Existence of the photoreceptor (s) only in the 
head region. (Results of Experiment I in 
Secelonela.laAye 


The vertical bar represents standard error. 
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Figure 3. ~Desiqn’of Experiment If (Section Fii-A)) to test 
the existence of an extraretinal, extrapineal 


photoreceptor. 


Figure 4. Existence of an extraretinal, extrapineal 
photoreceptor (Results of Experiment II in 
SectlonweuieasA) 


The vertical bar represents standard error. 
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Figure 5. Design of Experiment III (Section III-A) to 
test the existence of an extraretinal, extraq 


pineal, extra-Harderian gland photoreceptor. . 


Figure 6. Existence of an extraretinal), extrapineal, 
extra~Harderian gland photoreceptor. (Results 
Of Experiment il inpsSection Lira). 


The vertical bar represents standard error. 
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covered) maintained high testis weight as groups A, C and 
E birds did. These results indicate that light can be 
received without the eyes and the pineal body, and suggest 
that light may penetrate through the skuli to stimulate 
some extraretinal, extrapineal photoreceptor. Body weights 
of groups D, E, and F quail were significantly lower than 
those of group A. This could be because the birds had dif- 
ficulty in finding food after enucleation of the eyes. 
However, the above results are the Same, whether the data 
are expressed as absolute gonadal weights ‘or gonado-somatic 
INOS Cla We fos Ws) 

Experiment f1T:' The résults are shown in Table 
Til and Figure, 6. The blinded birds in group C maintained 
high testis weights (1,578 * 98 mq) atter 6 weeks of the 
experimental period as group A (control). birds did. These 
results thus confirm the results of Sera ake Tey Lee 
cloaca in group D birds was enlarged and hyperemic, indi- 
cating full sexval activity. Subsequently, these birds 
were able to maintain their testis weights in the absence 
of both the eyes and Harderian glands. Group E birds had 
high testis, weights (1,/63 2 i118 mg) at, 59 days atter 
removal of the eyes and Harderian glands. Group F birds 
had also maintained their testis weights (1,446 £4 148 mg) 


59 days after removal of the eyes and Harderian glands and 


l7 days after pinealectomy. 


there is a photoreceptor ( 


Ss) 


“0's 


(hese Pesulcs ancricace’ tiac 


for the photoperiodic gonadal 


response, Other than the eyes, Hardérian glands or’ the 


pineal body it seems reasonable to assume that this 


receptor may be in the hypothalamus. 


DISCUSSION 


The results of Experiment I, and several other 


beports (Beroit, £937, Ringoen, and Kirschbaum, 19338) 


Strongly “suggest, that the photoreceptor (s) for the photo= 


pericdic gonadal response 


1s restricted to the head region. 


There remains the possibility that, when the birds are 


hooded, the necessary restriction of feeding time, or the 


mechanical stimulus of being hooded, might somehow affect 
the gonadal response. However, the results of Experiment 


lL, and others (Oishi, L967 


7 


) negate this assumption. To 


check the possibility that the hood may provide a mechan- 


ical stimulus, Oishi set two. groups: the head was covered 


Gomplecely in birds of one group and a smali hole was 


made in the eye region of 


the nood for the other groups 


Although the birds whose heads were covered completely 


showed testis regression, 


“He bLros whose, hood rad, a 


small hole in the eye region maintained Mature testis 


Lght. However, Ivanova 


me) 


a 
= 
@ 
ran 
va | 


sparrow (Passer domesticus) 


(1935) reported, that the pouse 


could receive light through 


a 


7 
—_ a ay 
aap. * iit 


eae 


the body surface as» wellmas the eyes /In ther experiment, 
Shescovered the headewith: a’ silk hoodtwithrsolideblack 
blinkers fixed over the eyes. But she aca mention 
whether thepsilk hood was black and ‘light-proof ‘so’ as to 
preventialielightspenetrationwe  Ptiseems possible that 
Ivanova did not consider the penetration of light into 
the extraretinal photoreceptor in the head, through the 
silk covering, but considered only the effect:of light on 
the eyes. She also reported that there was a greater rate 
one recrudescence of the testes among nuded birds (the 
feathers of the back and breast were shaved) than among 
those which were fully feathered, and suggested that 
light might affect the gonads directly through the body 


surface. However, these two groups did not show a statis- 


pheativy gerqurt teanti edi iterencetin tests swengitte (pe 0-1), 


aecerding sto my necal cubation of heredata. m Consequently , 
Ivanova's experiment does not seem to prove that light 
affects the gonads directly through the body surfacé, other 
than the head. 

Experiment II showed the existence of an extra- 
retinal ,. extrapineal phobordcépton imi theymaimtenance (of 
Mature testes in adult Japanese: quail. | These results 
agree with those of Sayler and Wolfson (1968 b), who 


reported that neither the eyes nor the pineal are neces- 
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sary for initial development of the gonads in young 
Japanese quail. An extraretinal, extrapineal photorecep- 
tor also seems to: participate tuavidnevaark cycle entrain- 
ment of oviposition in the chickén (Harrison and Becker, 
1969) and in entrainment of. locomotor activity in- the 
house: sparrow (Menaker, 1971). eever inet II alsdB showed 
that the gonads responded to light even if the empty eye 
sockets were coated with opaque material, and even in the 
absence of the pineal body. These results suggest that 
light penetrates through the skull into some extraretinal, 
extrapineal photoreceptor elsewhere in the head. Benoit 
(1964) reported that direct light stimulation of the 
anterior hypothalamus or the rhinencephalon, via a quartz 
Lrodmiitroduced@across tthe feye"socketmorgenucleatedsaucks, 
caused strong testicular. growth. ~ From these results, 
together with others demonstrating action spectrum dif- 
ferences in response (Benoit and Assenmacher, 1966; Benoit 
6tGal ,VlooG}, Benoit concluded thar the duck has a deep 
photoreceptor (hypothalamus and/or rhinencephalon) as 
well as superficial photoreceptors (eyes). 

Wéetterberg et al (1970 a, b) reported that the 
Harderian glands might be responsible for the light/dark 
cycle control of serotonin and HIOMT rhythms in the pineal 


glands of neonatal rats. The extraretinal photoreceptor 
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in neonatal rats which was reported by Snyder (1968) and 


aweig ex al) (1966) canbe. interpreted on:-this'! basis, 


However, Wetterberg et al. (1970:-a). further attempted to 
explain Benoit s results on.thissbssis .~eThatvis, ~theyae .. 
suggested that light which was introduced through a quartz 
rod might have stimulated the Harderian glands. But 
experiment III suggests that the Harderian gland is -not 
necessary for the maintenance of mature testes in blinded 
and pinealectomized quail. It its also reported that the 
Harderian glands are not necessary for entrainment of 
diurnal behavior of the sparrow (Silver and Menaker, 


unpublished data quoted by Menaker, 1971). 


Wetterberg get 


oT 


als. reporty( | 9vt sa) ongpoaxphyrte 
pigments in the neonatal rat Harderian gland suggested 
that -these might be. the light-absorbing -pigments: respon- 
sible-for- the observed photoresponse. However, only the 
Harderian) gland in rodents;ofythe, genus Mus exhibitedva 
red fluorescence characteristic of porphyrin pigments, and 
several other animals examined (rabbit, guinea pig, chicken, 
MAgMLSGRACUGULe poirot ecidenct Exhibit ned sit luorescence 

Of thie tissue ~(Derrien and Turching, 91924, .gquoted shy 
Grafflin, 1942; Kiliver, 1944). The Harderian gland of 
Japanese quail likewise did not show red fluorescence 


when examined under ultraviolet light .(Oishi, unpublished 
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observation). Consequently, any photosensitivity of the 
Harderian gland might be restricted to redents of the genus 
Mus. 

Homma (1969) reported that radioluminescent paint 
caused testis development in Japanese quail when it was 
put 1) in the orbital cavity between the eye muscles fue 
tne Spnenora bone, 2) vat’ the base vor they longi tudinar 
fissure between the two cerebral hemispheres, 3) on the 
actory lobe or "4) an’ the’ thalamicior hypothalamic area.- 

A considerable amount of light is reported eo 

pass into the brain through the ‘skull in birds (Benoit, 
1964) and in mammals (Kluver, 1944; Ganong CU taiy 196s; 
Ven Brunt et -aly*1964% Viggiani et al) 91970)% Kluver (1944) 
aiso reported that the cortex cf the brain and white mat- 
ter exhibit a greenish fluorescerice and a reddish’ fluor- 
escence respectively, suggesting the existence of porphy- 
rin or other pigments in the brain. He then extracted 
porphyrin pigments from each part of the brain. All ‘of 
these reports strongly suggest that the brain itself may 
function as a photoreceptor. 

In aduit mammals, Lisk and Kannwischer (1964) 
reported that direct illumination of the hypothalamus via 
‘a glass rod caused changes in the estrous cycle, and in 


“ovarian and pituitary weights. However, the eyes seem 
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to. be, the primary photoreceptors: for the photoperiodic 
gonadal response (Critchlow, 1963: Wurtman, 1967; Moore, 
1969). . The report.of Lisk and Kannwischer (1964) appears 
to be the only one suggesting an extra~retinal photorecep- 
ove BT adult mammals. Although sufficient light entered 
the brain under their experimental conditions, it remains 
to be established whether or not this occurs under natural 
Gonditionus-pibteit.does not occur; the phenomenon. i1senot 
important physiologically, even -though it is interesting 
phylogeneticaily. 

The photoreceptive function.of the eyes in eli- 
citing the photoperiodic gonadal response in birds has 
beeneacgecated form some time, but Menaker et ak» (1979) 
recently reported that the eyes do not participate in 
photoreception for that response .of the house sparrow, 
based on-the finding that the gonads did not respond to 
light when India ink was injected under the skin of the 
head even.if the eyes were intact. Homma (1969) reported 
the ,failure.of wadicluminescent spaint, put in front .of 


the 


ry 


etina, to induce the gonadal response of Japanese 


quail. 


4 


On the other hand, Benoit (1964) reported that 
light did bring about testicular growth when limited to 


the -octilar region, (bie remaining parks job the wiead jand 
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the body being shielded from light. When the eye socket, 
after enucleation, was covered with an opaque material 


(metal, rubberp vblack paraffin); the ‘gonads did not 


respond to light. He also reported that the sensitivity 
to“iightvintensity was about one to. five*lux intthe normal 
duek, Sand Seto 25 Lux mnathetenucleated ducky) The spectral 
sensitivity of the deep photo receptor extended across the 
entire visible spectrum whereas it was limited for the 
retina to red light. Benoit and his colleagues later 
showed that the action.spectrum for the eye was between 

625 nm and 647 nm, with peak responsiveness at 637 nm 
(Benoit and Assenmacher, LOG 7CReEnOLEerwal), LIGhies Brom 
these results, he concluded that the eye is one of the 
photoreceptors in the photoperiodic gonadal response. 
Ishibashi (1957) confirmed Benoit'"s experiment by showing 
that the testes of male chickens responded to light after. 
enucleation but they did not respond when the eye sockets 
were coated with black gum. In Japanese quail, Oishi 
(1967) illuminated the eyes or the eye sockets (after 
removal of the eyeballs) through a small hole made in a 
head cover, and found-that the testes responded to light, 
butchetcould¢not show an effect of bight when the. eye isock- 
ets were coated with black gum arabicum and illuminated > 


through & ole iin ‘the hood.  yThisseuqgests that light 
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Siaimuleles.gonadeallactivity through the eye-or the region 
around the eye. He also showed that the gonads of enucle- 
ated birds responded te light when the whole head was 
illuminated except for the eye socket region which was 
Govered with black cum (Oishi et al, 19¢66).. This suggests 
that leone pert Of sthe brain other than the eve region also 
participates in photoreception for maintenance of mature 
testis weight. There were slight differences between 
intact and enucleated birds in the response of the testes 
to several portions of the visible spectrum at low light 
intensity (see Section III-B). That is, green light at an 
Incensi Ey Or 9.5 Oy one was not effective in blinded birds, 
while it was effective in intact ones. These results in 
the duck, the chicken and Japanese quail suggest that 
the eyes act one photoreceptor or at least ‘as_a Light 
guide for some deep photoreceptor. 

The discrepancy between Homma's result and mine 
eould be due tovine tow intensity of slight inehommna, s 
experiment, which might have. been lower. than the threshold- 
to.induce the gonadal response, or it could be due to the 
difference in the phase of -the photoperiodic testicular 
response. studied (growth rather than maintenance). The 
discrepancy between results with the house sparrow, (Menaker 


et al, -1970), in which the eyes are not involved in-photo- 
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reception for the photoperiodic gonadal response, and 
ophengapecies tofilburdsa(chickény iduciijwand@d apanesesquais > 
in which the eyes do seem to be involved in photoreception, 
ecmleasteas anlightequide;icouldMrepresentespeciesadrl— 
ferences. It is interesting to note that the house: spar- 
row shows photorefractoriness (a phenomenon in which 
gonads regress spontaneously after a certain period under 
long photoperiod), while the chicken and Japanese quail 
do not show such a phenomenon. 

Bilateral superior cervical sympathectomy has 
been reported to delay the time of onset of oviposition 
in dapaneserquaile(MerarVandset al/Q1968;aSaylernand 
Woltson, 1b9686b) , talthough bilaterabsenuchkeationvofi the 
eyes did not have any effect on ovipositon (Sayler and 
Wolfson, 1968 b).- It was also reported that the eyes are 
not necessary eon the pinealectomy-caused ovarian matura- 
tioneateprecisely i theercriticaleperizod*  *preceedingethe 
onset of oviposition (Sayler and Wolfson, 1968 b). Hedlund 
ebyale (Lov) mreported /that bilateral sympathetic dener- 
vation prevented the light-induced diurnal serotonin peak 
in Japaneséiquails® Lauber et vale(1968) arepontedethat 
neither bilateral enucleation of the eyes nor sympathetic 
denervation prevented the light-induced elevation of 


pineal enzyme activity) (HIOMT) in chicks, ,and concluded 
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that*in birds, in’ contrast to’ mammals, neither the retina 
nOresynpathetic® innervation. of thetpineal) bedy*isWessential 
Foreenvironmental’controlsofimelatonint formation. Pin this 
connection, the observations by Morita (1966 b) and by Oksche 
ethals (1960) -arevinteresting.» sBoth# found? thatvallumina> 
tion of the pigeon's lateral eyes induced no electrical 
ectivityeinttheacentralypartiofithe pineal®bodyee ithe 
results described above suggest that the superior cervical 
sympathetic ganglion in birds does not seem to be the 
pathway for photic information from the retina to the 
pineal, in contrast to the situation in mammals (Wurtman 
etal M9687 eTaylormande Wi Lsony; 0197 Ope Schapi rosandySalasy 
1971). However, the information from light stimulation of 
the hypothetical deep photoreceptor may be transmitted 
Through® thesgang. tony to® thes pineale 

The above lines of evidence still do not resolve 
the question of whether the eyes of birds can be, or never 
are, involved as photoreceptors for the photoperiodic 
gonadal response, and/or whether there might be species 
differences. 

Oishi and Kato (1968) provided evidence that 
the pinealMbody might’ bevone ‘of ithesphotoreceptor ss for 
the photoperiodic gonadal response in Japanese quail. In 


their experiment, the pineal was illuminated locally by 
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putting radioluminescent paint on the top of the skull, 
inethiesneqroneots thespinealee* PaintWemittingrorange-red 
light caused maintenance of mature testis weight, but 
green-yellowelight* emitting paint*did not!) support mature 
testis weight. Orange-red light was ineffective in pineal- 
ectomized animals. Munns (1970) covered the pineal region 
of the canary with a layer of black polyester resin, and 
found that testis weight was reduced to one third of control 
values. On the contrary, Homma (1969) failed to produce 
gonadal growth in young Japanese guail by local illumina- 
tion of the pineal with the same kind of radioluminescent 
paint as described above. However, he seems to have used 
much smaller amounts Ofipaintothanethatwused ineOishagand 
Kato's experiment. I have shown that a large amount of 
paint is necessary to maintain gonadal activity (see 
Sectlongeii1=s5)e 

MGptia VboG6Rb) Gandeokscheleumal (1969) failed 
to show electrical activity in the pigeon pineal body in 
response toslight. *Ralph)and Dawson, (1968) ,also»faihed 
tor showvan»électrical response of the pineal to illumina- 
tion in Japanese quail and in the house sparrow. 

Anoeftectot Mighteon pineal ‘morphologyeand 
ultrastructure in birds was reported by Fujie (1968), by 


Basrur and Winget (1963) and by Quay and Renzoni (1963). 
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Any detosmed sstructuresof the: photoreceptors thas. been 
observed by several investigators (Oksche and Vaupel-Von 
Harnack el [667;gvudie ~lI68> Bischoft,11969-sOksche et al, 
1969% see also Section. IV-D). «Bischoff observed Jamel liar 
structures reminiscent of retinal cones in Japanese quail 
and chicken pineals, and suggested from this evidence a 
BN@LorecepLivey function of the savian pineal... On the cons 
trary, Oksche and his colleagues (1966, 1969) and Collin 
(1971) concluded that the avian pineal is not a photo- 
receptor because of the degenerated appearance of the 
photoreceptor cell outer segment. 

As in the case of the eye, the pineal has been 
considered by some investigators to serve in focussing 
bighteonkaydcepaphotoneceptor (Farner, 1970); gkalpheg1 970, 
Menaker lo 72) su thuserslph (1970) notedy, |The pines Wain 
most birds appears to be in an appropriate position to 
Servelasea bight Lunnel, CONnducELing LigitGsatromerts 
expanded distal end just beneath the venous sinus and 
Vaulteof the skull through its selongated stalk between the 
cerebrum and cerebellum to its insertion on the roof of 
tuendtencepla lon. es thateis, photic intormatvon abouG tie 
bird's environment may be preferentially conducted by 
the relatively transparent pineal «to the diencephalon 


receptors. ..Since the discrepancy between, the jresults 
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reported by Homma (1969) and by Otshi-and “Kato 41968) 

can be explained on the basis of the absorption of light 
by tissues overlying a deep photoreceptor, the pineal 

may be functioning as a light funnel as Ralph suggested. 
However, this discrepancy can also be eee eanes on the 
basis of the threshold of photosensitivity of the pineal 
body, or the different phase of the photoperiodic gonadal 
response studied (Homma measured the response in growth of 
the gonads in young quail, while I measured the response 
in maintenance of mature gonads). A direct effect of light 
on the pineal body has been reported recentiv by Rosner 
Ctmalmio7 lt), witch Contirms tie report) by Lauber Crna. 
(1968). The former workers reported that explants of the 
duck pineal cultured in light showed a significantly 
higher melatonin synthesizing activity than those cultured 
in darkness. It remains to be examined whether light- 
controlled HIOMT activity in the pineal has any relation 
to gonadal activity, because the relation between HIOMT 
activity and gonadal activity is obscure (Ralph, 1970; 

see also Section IV-=A and IV-B). However, the photorecep-— 
tive function of the pineal body seems to play, if anything, 
an auxiliary role in the photoperiodic gonadal response, 
because the gonadal response to light occurred in the 


absence of the eyes and the pineal. The pineal might 
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serve as the main or only photoreceptor: in other systems 
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such as the photoperiodic control of adrenal activity, 
Since pinealectomy abolished the response of the pituitary 
and adrenal to the photoperiod in young Japanese quail, 
while it did not abolish the response of the gonads to the 


photoperiod (see Section IV-A). 
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Bapeore Bele OF LIGHT INTENSITY OM GONADAL MAINTENANCE, 


AND THE ACTION SPECTRUM OF THIS RESPONSE 


INTRODUCTION 

in’ this section, I concentrate onthe effects 
of intensity and wavelength of light on gonadal responses, 
with special reference to the rele of the extraretinal 
photoreceptor. 

Many investigations have been concerned with 
the effects of light intensity on gonadal activity, espe- 
cially with a view to improving egg production cf domes-~-. 
tic hens. In chickens, the threshold for maximum response 
in oviposition is Peper ree LO bein thevrange-ore Lew) 


lux; further increase of 


light intensity above the thres- 
hold does not induce better egg production, nor lead to 
earlier onset of oviposition (Roberts and Carver, 1941; 
Dohiievyeer a, 10/00. in the CUurkGy ovr tl Cnre leu 
is claimed to be the minimum intensity to produce the maxi- 
mum response in oviposition (Asmundson et al, 1946, 1951). 
For grouse and pheasants, the precise threshold has not 
been aetermined;, Dut 22 rt. Cc. (235" LUX) @wesveurticrent 
“to induce early onset of. egg production, while sexual 
MacULaAtToOn was de@Laved vuncer™’ 0.02 G6. .c. (X02 Eee) Sor 
HiLove intensity (Clark et al, 1937)..0sim the house spars” 


row, Bartholomew (1949) showed that the threshold for sper- 
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matogenesis is about 0.7 ft. e. IES lux). He observed no 
Gitterence in response to intensities higher than lo ft. c. 
(LUS lux) = barner (1959) also reported for the wire 
crowned sparrow that the response of the testes was stronger 
aueoleluxetian ll lux, but that no further response ccecurred 
with higher light intensities. ~In the bobwhite quail, 
Kirkpacrick (1955) reported that Tight” intensities in the 
Banjos OneUw ie OUNCE T. CC. (1. eeluxt 35,249 0= Ux) showed tne 
Ssamewettecus Of tie testes Of OVaLy and Oviduct weight. 
Heesconec udeu stiat the threshold 1s Less thanw0.. Lc. ce 
Ceelus ew ln che auck, Benort (L964) “reported that the 
threshold of light intensity to induce gonadal development 
Lome = LU 
Only a few studies have been directed toward 

responses of the extraretinal photoreceptor to light 
intensity changes. Benoit (1964) reported that in ducks 
tne threshold antensity for activating the extraretinal 
DHOVOLECEDLCOL 1s) 5 - 25 .0ux. In the house sparrow, Menaker 
and his colleagues reported that the threshold is less’ than 
10 lux, and testis weight under several photoperiods and 
Various intensities (20 -— 500 lux) was the same in blinded 
as in intact sparrows (Menaker et al, 1970; Underwood and 
Menaker, 1970 a). 

Soetar, in Mose OL the species Studied, the ehres— 


hold*=intensity of light to induce* gonadal development Seems 
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Goria) fi nechesrangetot (6-120) lux, lexcept. in thegetudyion 
European starlings by Bissonnette (1931 a, b), who reported 
that an increase of (light lintéensity 9 (up eon240 lux). pos 
duced a graded increase in spermatogenic response. 

Several investigators have varied the wavelength 
Of Light vised, wineaesearch for tthewaction spectnum ‘of the 
photoperiodic gonadal response. Bissonnette (1932, in 
European starlings) used red, green or violet filters, 
EGensn per pic gl ivensit tes lofe2. Gnttanc § 6628 $601 ux) pe? OWE: 
C2.cCEV0 a2 tLe. won (s. 52. luxe mespectively .- iii tiaily, 
white light produced the greatest acceleration tof testis 
activity, red next, while green light had a slight inhibi- 
tory effect. After prolonged treatment, birds under red 
light surpassed those receiving white light, and green 
Light produced ‘a Seat a LURLD kbory Vektectawrtetcon— 
cluded that Long wavelengths are stimulatory and short 
ones inhibitory. 

Several other investigators have also reported, 
for various species of birds, the stimulatory effect of 
long wavelengths and less stimulation, or inhibition, with 
shorter wavelengths. Burger (1943) used a series of 
Corning filters before a mercury vapor lamp or an incan- 
denscent lamp and found that only wavelengths ‘»setween 
approximately 580 - 680 nm were able to stimulate starlings 


to produce sperm. Light intensity in these experiments 
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varied from 6.5 Pie C re (Oa) or orl Oat ema: (1030 tere ae 
For the duck, Benoit and, his colleagues. (Benoit and Assen-— 
NACE r ato Beno Lt et al, 1952, 1966) showed that wave- 
lengths between 617 and 740 nm were effective at intensi= 
ties of 81 ergs/cm*/sec, and only wavelengths between 637 
Mi pande O47 eswere elirective at tower antensities (2. feerqs/ 
cm/sec). Tey postuleved sthat et higher sintensig7e6 the 


effect was on both the eyes and the deep photoreceptor 


FR 


(hypothalamus ?) and at lower intensities the effect was 
solely ton the eyes. Hollwich and Trloner (196i 0a, b), 

in experiments employing monochromatic light (436, 546, 
SES LOL 707 nn) et. equal intensities of 245 uw/om, also 
showed that the testis weight of ducks irradiated with 

707 and 632 nm was many times higher than with shorter 
wavelengths. In the chicken, Dakan .(1934)..showed that red, 
yellow and white light were more effective for egg. pro- 
CuccLoOnpbnan blue laght. . [Ishibashi and Kato soot also 
reported that red light (570 - 680 nm) was stimulatory for 
testicular development while violet (400 - 490 nm) was 
ineffective (intensity .was 5 - 30 lux in both cases). 

Platte (1953) showed that dim red. light (15 on l0swaucs, 
intensity of light at the bird's level was not reported) 
could maintain winter egg production of hens, as well as 


white light. For testis development and initiation of 


spermatogenesis, a difference between. the effects of. red 
light and blue or green light was reported by Harrison et 
QL gh 1962 nel? 7 Oe ECOL Land Payne, (1937) reported that 


turkey Nens- subjected to long, photoperiods of whites light 


4 Gee Gol Gloglux) or Long wavelengths (622,um). 14.5. 
Gupee lo lelux), reached sexual maturity several months an 


advance of the normal breeding season, while short-— 

Wave lLengihnelicghte (425 nm, 1 ft. SS Sat 1430) Ci. Or 
influence age at sexual maturity. Ringoen (1942) showed 
greater testicular enlargement in English sparrows 
receiving continuous red light than in birds. receiving 
Gentinuous.oreén ligat. IneJapdnese quail, Woodard et al 
(1968) reported that male birds brooded under red light 
developed ,ecstesethatswere Lwice and: three times heavier, 
respectively, than those of. quail under green, or Ene 
light. Females maintained under red light reached a 50 
per cent rate of egg production approximately 2 weeks 
earlier Ehan these, under blue oregqreen light, and maintained 


higheo-eqgpproducttonstherealter.~ The resultegolsAhnoye. 


SigGlo7O asuggestethateinfrared dight (26300) nm on 27000) im) 


delays sexual maturity in both male.and female quail. 
The reports cited above support the stimulatory 
effcet of wed licht, amd nosetfect or an, anhibitory effect 


of far vedy-or of blue light... However;e@thene, erextheec 
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reports which showed the opposite effects or no influence 
of wavelength on gonadal activity. Rowan (1938) reported 
that several wavelengths (intensity 165 lux) induced uni- 
form gonadal development in the sparrow and junco, but he 
did not specify which wavelengths, or give transmission 
curves of the filters used. Carson eb al (195 8)e coulda nor 
find any influence of wavelength on sexual maturity and 
SGgeDrOductrion.or Chickens." . FOL Sperm production. 1edeand 
gold light were non stimulatory (fluorescent light was 
used, and light intensity was at "similar" levels in the 
various light treatments). Carson suggested that the ab- 
sence of an effect of blue light in other experiments 

could have been due to the small amount of light available 
to the birds, and that, at equivalent energy levels, blue 
light might also have hastened sexual maturity. They 
admitted, however, that the purity of colors used can some- 
times be criticized (blue light in their experiments ranged 
between 400 - 600 nm, with a peak at about 440 nm). Schild- 
macher (1963) reported that a high intensity of blue light 
CUS Umore, Uma mes Dect a eW1d tly 00 4’ 0 Riijawacwer ccc. 
tive in inducing gonadal growth in several species of 
passeriform birds, while only long wavelengths (but not 
Mniemared) were cr tectiyerat ow santensi.ty (20 ss 0 lus) 


However, none of the investigations cited above 
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have clearly distinguished and controlled all four vari- 
ables anvolved in photobiological experiments, that is, 
photoperiod, light energy, wavelength, and number of pho- 
tons reaching the photoreceptor. Even in ee ee che 
which energy levels arevsuer chy equalized at several 
wavelengths, the corresponding number of photons is small 
in@blue.ligntsaend large an ‘red Jaght, So, a difference nah 
Lespense Winder the same intensity (energy) of Light at dit 
ferent wavelengths could be due to the ee in the 
number of photons provided or received. Intensity measured 
in luminosity (lux) does not indicate the amount of energy 


ox the number of pnotons. The experiments reported here 
were designed to check the importance of these variables 
an of one photobiological effect, the photo- 
periodic testicular response of Japanese quail. | 
Tone erent aus weecti On USECtr One lhl =A) iia. 
reported nee an extraretinal photoreceptor has an impor~ 
tant role in che eee ae gonadal response. There 
are two reports which deal with the action spectrum and 
location of the extraretinal photoreceptor LOG Ghe.phelo= 
periodic gonadal response. Benoit and his colleagues 
reported that, when light was introduced directly to the 
hypothalamus with a quartz rod, tong wavelengths (red) as 
well as intermediate (yellow) and.short wavelengths (indi- 


go and blue) were effective..in stimulating testicular 
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ewth (Benoit, 1964) The amount of light penetration 
into the brain at each wavelength was measured by either 
a photographic or a photoelectric method. Tanoripence 
through the tissues was very weak for the short wavelengths 
CL42 7000 -of “the applied LALENS LOY COM Mina oe mann ey OSureror 
green), but appeared to be greater for longer wavelengtis 
CEL SUL OPwoOrange ald =L/ oo Lor red. Consequently, Benoit 
concluded that red light can penetrate to the hypothalamus 
WEehe Sue ticrent mitensity to activate tie deer photorece— 
tor; ‘adding its effect to that via thé retinal “Homma (1969) 
confirmed Benoit's results, showing. that radioluminescent 
paint, implanted in the brain, emitting either orange- 
Panton Regt. (Sy Sart) Or see light (455 nm) induced a 
gonadal xr response in Japanese quail. However, these reports 
Saoweu "ce Grcreces: Of light directly introduced 46 the 
presumed extraretinal photoreceptor. I here report an 
attempt to determine the action spectrum for the photo- 
periodic testicular response (maintenance of mature testes) 


tn Yb iinded birds. 


MATERIALS. AND METHODS 
experiment I - Effect of light intensity on the 
maintenance of mature testes of intact and enucleated 
birds: The experimental design is shown in Figure 8. Ten 


and 12 week old birds, which were reared under a photo- 
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period of 14 hours light per day (14L/10D) for 4 or 6 weeks 
aLteormialLChlingsandsuncder Continuous liane 9(241)/0D)) Lormcne 
following 6 weeks, were divided into 7 groups. Birds of 
groups A, C, and E were intact, and in birds of Boe pee 
and G groups the eyes were enucleated. Unilateral enuclea- 
tion was done 4 days before the beginning a: the experiment 
and the second eye was enucleated 2 days later. The birds 
in groups A and B received light of intensity 15.7 uw/om? 
(26 lux, here called x 1 dim light, measured at head level 
in the center of the chamber). The birds in groups C and D 
received 157 aw/em- (20 lux,» here called sO" lidimiligihit) 
and birds in groups E and F received 0.157 uw/em? (Oz Zoe 
here called x Q.01 dim light). Group GC birds: were Kept in 
continuous darkness (0L/24D). A single 7.5 W incandescent 
light bulb mounted in the top of the environment chamber 
constituted the light source. Sheets of glass sprayed 
lightly with black paint were used as neutral density f11i- 
ters to reduce the light intensity. Temperature was 29.9 

+ 0.4 °C. After 3 weeks under these light intensity condi- 
tions, all birds were killed and body weight and testis 
weight were recorded. 

Experiment II - Effect of wavelength on the 
Maintenance of mature testes of Intact birds: ~Thesexpem— 
mental design is shown in Figure 10. Birds (11.5 and s13.5 
week old), which were reared under continuous light, were 


G@ivided into 10 groups. A, B, C, and D groups were main= 
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tained undere24n/ 0D vate! dim Wight. 40k perc, Hand 1 
gnuoups received x01 idimelighteunder 24L/0Da) Theseyessof 
group F birds were enucleated. Group J birds were kept in 
continuous darkness (0L/24D). A, EB, and F birds were main- 
tained under white light. B and G groups lee exposed to 
redulight, iCeand =H groups weresin green light; and, Deand I 
groups were in blue light. Spectral environments were 
achieved by placing colored plastic filters* in front of 
an incandescent lighbesource. (50 Ww phototlood**). sciupmic 
sulfate (10% solution, 3 cm deep) before the filter was 
usedato fremovesexcess heats To adjust the light,intensi-— 
ties, neutral densities filters were used. Transmitted light 
energies were as shown in Figure 7. The values for mea- 
sured energy and calculated luminous intensity and number 
of photons are shown in Table IV. Temperature was 27.9 + 
0.3.°C. After 4 weeks of the experiment, all birds were 
killed and body weight and testis weight were recorded. 
Experiment TIT -— Effect of wavelength on the 
Maintenance of mature testes of intact and enucleated birds: 
The experimental design is shown in Figure 12. Eleven and 
13 week old birds, which were reared in 14L/10D for 2 weeks 
after hatching and in 24L/0D thereafter until the beginning 
* Carolina Biological Supply House for red and blue filter, 
Rohm and Hass Plexiglas for green filter. 


** Sylvania PAR 38, Sylvania Electric Co., Montreal, Quebec 
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OL the Gxpeciment, were. divided into lO groups. A, 8, ©, 
D, and E groups were intact animals, and those of groups 
F, G, H, I, and J were enucleated. A and F-groups were 
kept under white light, B and G groups were in red light, 
C and H groups in green light, and D and I groups in blue 
light. . All of the groups above were maintained under 23L/ 
1D during the experiment. The spectral energies were the 
Same as x 1 dim light in Experiment II. Group E birds 
were, kept. in 1L/23D and group J birds were kept in OL/24D 
ag-contcrois, The tenperature was 27.5 + 0,3 "C. After <3 
weeks of the experiment, all birds were killed and body. 


weight and testis weight were recorded. - 


iuminescent paint placed in the region. of the pineai: The 
experimental design is shown in Figure 14, Eight -week old 
birds reared under continuous Ligne were divided into 5 
groups. Group A and Babirds served as CONLEOLS. ~in Group 
cc, orange-red radioluminescent paint (ATOMLOIHI-P*, maximum 
iio. emitcced at 600 nm) was placed on, the surtace OL rie 
brain immediately over the pineal body through a hole drilled 
in the skull. Black plastic tape was placed on thesskull 
over the painted area, and the skin was sutured. The amount 


Ho 


of radioluminescent paint for group C was approximately 5 mg 
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per bird, mixed with binder. Group D birds received 0.5 mg 


of orange-red paint, and 8 mg of green-yellow paint (maxi- 
mum emission at 520 nm) was used for group E. The photo- 
BPerioguvece24 LODE tor groupseA and 8h/ loDufores, @pab land 

E groups. Thus, if the radioluminescent paint is capable 
of stimulating the photoreceptor for the photoperiodic gon- 
adc leLespOnso, i nestestes OL IShOortecayebirds.inegroupsmc, 

D and E would be expected to remain large as in group A 
Dires.ealempenature was 26235* 0.2.°Ce, ~After 17 days of 
the experiment, all birds were killed and body weight and 
testis weights were recorded. 

Experiment V -—. Effect of a larger amount of radio- 
luminescent paint placed in the region of the pineal: The 
experimental design is shown in Figure 15. Six week old 
birds reared under 24L/0D were divided into 5 groups. F 
and G group birds served as controls. Orange-red radio- 
luminescent paint (15 mg) was applied to the pineal area 
Wied LOlipsH pbirds ,Sasein Experiment LV, andy lo omg ot oreen— 
yellow paint was applied to group J birds. I group birds 
were pinealectomized one day before ane Start of the experi- 
ment, and orange-red radioluminescent paint (15 mg) was 
placed where the pineal had been. Group F birds were main- 
tainedwunder.24L/0D, pand.G, H,el, andi, groups sawere —keptein 
a short, photoperiod (8L/16D) for 18 days. The, temperature 
WoGeeo, ou Uwe. Cl Body Welghtsand testis we1ghtawere 


recorded at the end of the experiment. 
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RESULTS 

Experiment I - Effect of Light intensity on ‘the 
maintenance of mature testes of intact and enucleated birds: 
The results are shown in Tabie V Vand Pigure 94) Botha group 
AS tantact) end B (enucleated) birds maintained their testis 
weight under x 1 dim light. Birds of groups C. (intact) jand 
D (enucleated) under x 0.1 dim light showed considerably 
reduced testis weights in comparison with groups A and B 
Muatie(p = 0.01 and pix 0.001, respectively) and were, not 
Gitserent Gromsche dark controls (OL/240) qrowpo.G) . Group 
E ees’) and Group F (enucleated) birds, maintained. under 
x 0.01 dim light also had greatly reduced testis weights 
Cae eo 0 ieee EDO LOS). Sein ek lan Cle oii, 
Loe sincectecroun Clanimals had larger -estis weignuee than 
the enucleated group D. birds (p < 0.02). Pcie this dift- 
ference does not seem to be meaningful, because the enucleated 
Diposean 270.0) cdi light (group .F) and in total darkness 
(group G) showed higher values for testis weight than group 
D, although not Significantly so, nor were these values sig- 
niticantly lower than for group C. Body Welghts of; bisnded 
animals and of those in continucus darkness were signifi- 
cantly smaller than for intact animals. This may have been 
because the birds were not sufficiently trained before the 
Operation to find food in darkness. However, the above 


results are the same, whether the data are expressed as 


_ 
i =e 
ry 
‘ 7 i - a 
> : ba 
i : r' U ! 
ane a = 
- e 
s hive tw ; rs 


by) . oe a 3 ‘ee SW 


A 


‘ 
A 
F : 
« 
‘ F: 
4 
‘ 
| . 
oe 7 # F . 
bat aoals 
weasels 
rr, ¢ } 
tj!) _ i 
oa 
“15h. Ab 
Be Gays 
ay 
= ; ’ my ’ a 
- : 
; ‘ : 
fitc- GOO! if fi oe 
we 
i] a 4 7 
= My or aa ~ : as c ‘ os 
S 
a a 


ee aie 


(8 peat NGPA) 8Gian 


7 


47. 


absolute gonadal weights or gonado-somatic index (T. W./B. 
Wes) < | 

; Experiment II - Effect of wavelength on the main- 
Penancesor jmaturcatestesiofaintactabirdsemeThesresultseare 
ShownwinatTebles;Vi sand wiriguyre; 11... Undersx Ledim Might, the 
Dinas inewhace sl iohte(groupaA)), feeds ghtva(anoups.8) sand 
green light (group C) maintained large testis weights, 
while the birds in blue light (group D) had greatly reduced 
Hectic wetqntsa(pa<s0 .00L)Ay Under xn0nledim light pete 
group E intact birds and group F enucleated birds in white 
Light »mandsaguoup Grbirdss.ineredalightimaintained Large 
testis weights, while the birds in blue light (group I) 

had Significantly reduced testis weights, as did the group 
decontrolceinytotal sdarkness. pGroup Hequarle (x OF green 
dim light) had testis weights intermediate between those of 
GroupaGa (cred) sandsgroupsele(blueji, Ltvshouldsbesnotede thar 
the) testes of birds under green) light responded differently 
nbom) bedimeandhxn0 tladimalightad; Thetgis), ex hadimplicgheawas 
SElLecEayeymbutyx Ociwdame light wasynotpeinemaintamnang 
testis weights. 

Expenament: tide= Eifect vol wavelength on the main— 
tenance of mature testes of intact and enucleated birds: 
ThemcasultsuarcacshoOvneinelablesvMilsdndmh Gurew2 (ae hemincact 
bardcmunderyx ludimewiite KoroupanA) ,mredetgroup, 2) mandagreen 


(group.C) light maintained mature. testis; weights, while; the 
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birds in blue light (group D) had testis weights reduced 
(pes0. 001)" tovcontroly (group E) Gvalues; »efhaseconpirmed 
thewresults cof Experiment ir. “ThePenucleated birds in™s* 1 
white dim light (group F) and red dim light (group G) main- 
tained large testes, while the enucleated birds in green 
light (group H) and blue light (group I) showed consider~- 
ably ereduced™=teservseweignts™® (p*<"0, 05.8p < 0T0l pYrespec— 
Elvely yee Thesresulcs, for =the -Group 2 -birds (biueyedsd not 
ditter, frometive-dark control®*birds (group) 7" *The testis 
weights of group H (green light) quail were intermediate 
between those of birds under red and blue light, although 
they were not Significantly smaller than those of group C 
(intact birds under x 1 dim green light). The same ten- 
dency was shown by the intact birds under x 0.1 dim light 
in Experiment II, ie, large testes in the red light birds, 
intermediate testes in green light birds, and small testes 
in blue light birds. Body weights of the enucleated birds 
were smaller than those of intact birds, as was observed 
in Experiment I. However, the above results are the same, 
whether the data are expressed as absolute gonadal weights 
Or aS gonado-somatic index (T. W./B. W.). 

Experiment IV - Effect of radioluminescent paint 
placed in the region of the pineal: The results are shown 
iieTablesvirl and *Piquresl6. "°Group A birds’ (240/0D7-con- 


trol) maintained large testis weights, while group B birds 
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(8L/16D, control) showed a significant reduction of testis 
weight (p < 0.001). All of the quail which had radiolumin- 
escent paint in the region of the pineal (group @ —— 5 mg 
Orange-red paint; group D - 0.5 mg orange-red paint; 
group E - 8 mg green-yellow paint) failed to maintain large 
testes in the short environmental photoperiod (p < 0.001). 
Thus,.neither orange-red nor green-yellow radioluminescent 
paint was stimulatory in the low concentrations used. 
Experiment V - Effect of radioluminescent paint 
placed in the region of the pineal (higher intensity): The 
results are shown in Table VIII and Figure 16. The stimu- 
latory effect of continuous light was again evident in group 
Pu 24/0D) as ceomoared tougroup G  (8L716GD)" (p< .0.001)). Group 
H birds, to whose heads 15 mg of orange-red paint was 
applied, had average testis weights of 820 + 124 mg, which 
LSmlLoweretianm that Oregroup Fo (p< 0,00) sbur hvgner than 
theachoOregToupaG) (aly 16D) (pb </0.05) or cfvgroup Ja ab7 16D 
and 15 mg of green-yellow paint) (p < 0.01). Whe testis 
weights of group I birds (pinealectomized and with 15 mg 
of orange-red radioluminescent paint applied) were not sta-~ 
tistically higher than those of group G and J birds, nor 
significantly lower than those of group H quail. Thus, in 
Experiment V, a higher intensity of light, emitted by a 
larger amount of radioluminescent paint than was used in 


Experiment IV, was capable of eliciting a photoperiodic 
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Figure 7. 


Spectral distribution and light energy under 
the filter systems used in Experiments I, II 


anduliln in Section LLIB. 
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SRigure 9. 


Design of EXperiment |b i(Sectton “Uli b itoucean 
the effect of light intensity on the maintenance 
of mature testes of intact and enucleated birds. 
me dk) epi Aeteye ee  Ies hy, 7 uw/em* (26 lise) 

re (Oak Gialiu\ sliiKedghe <> a ikea) uw /om (25 @ ites) 


x 0.01 dim light: 0.157 pw/cm* (0.26 lux) 


HEtect,Of-light! intensity on thesmainteranceros 
mature testes of intact and enucleated birds 
(Results of Experiment I in Section III-B). 


The vertical bar represents standard error. 
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Design of. Experiment. (Section TeraB) atc 
determine the action spectrum for the main- 
tenance of mature testes of intact birds at 


different light intensities. 


Effect of wavelength on the maintenance of 
mature testes of intact birds at different 
light intensities (Results of Experiment II 
in Section III-B). | 


The vertical bar represents standard error. 
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Design of Experiment TIT (Séction III-B) to 
determine the action spectrum for the mainten- 
ance of mature testes of intact and enucleated 


bards 


Effect of wavelength on the maintenance of 
mature testes of intact and enucleated birds 
(Results of ‘Experiment III in Section: 111-B)i. 


The vertical bar represents standard error. 
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gonadal response when the spectral emission was orange- 
red, but not when the light was yellow-green. However, 
the response was not as pronounced as that of birds kept 
under continnousplight, —probablyvdue tomthe lowsintensiey. 


Om Wagan mised, 


DISCUSSION 
Experiment I showed that the threshold of white 
light for maintenance of gonadal maturity in male Japanese 


Z (2 6-0) Sand 1.57 p w/om? 


quail is between 15.7 wuw/cm 
(2.6 lux) in both intact and blinded animals. However, 
in Experiment II, testis weight was maintained by light 


: (7,1 lux). Consequently, 


energy at the level of 1.67 uw/cm 
the threshold for the maintenance of mature testes seems 
COsevpesaround Ene antensity, of 1257. — 1.67 uw/em? (2.:6:5= 
eels )opeaLenough the. diilerence Ofsthe spectral distri e 
bution of white light between Experiment I and II (see 
Figure 7) has to be considered also. This value is in 
agreement with the value reported by several other investi- 
gators, studying the gonadal growth phase, as cited in the 
Introduction. Blinded birds in my experiments also respon- 
dedecor G7 uw/om@ lightwenergy. Meéenakex er sails (1970) 
reported that the house sparrow's threshold of light inten- 
sity for extraretinal photoreception in the photoperiodic 


gonadal response (growth phase) is less than 10 lux. My 
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experiments confirm that even at low intensity the eyes 
are apparently not necessary for photoreception in the 
photoperiodic gonadal response, 

Above the threshold, there was no further increase 
of response with an increase of intensity, although there 
is some suggestion of a graded response in a range near 
the threshold, which could be due to slight individual 
threshold differences. Burger (1939) reported that neither 
high nor low intensity of light was able to induce sperma- 
togenesis in male starlings kept in a short photoperiod 
(105L713.5D). This, together with several other reports 
(Kirkpatrick, 1955; Wilson et al, 71956; Hamner, 1963; 
Follett and Sharp, 1969) suggests that a sufficiently long 
photoperiod or-the timing of the light period isa more 
IMpoutantweractOr stOrsDirds than Chemintensicy oOo, irohe, 
after the threshold is attained. In mammals, on the con= 
trary, several reports indicate that light intensity plays 
an important role in the photoperiodic gonadal response. 
Bissonnette (1935) and Marshall (1940), working with fer- 
rets, showed that the degree of acceleration in the time 
Of estrus was roughly correlated with the intensity of 
light. Marshall and Bowden (1936) reported that, when two 
ferrets were exposed to an intensity of 116 erg/cm? LOK 


2L./22D photoperiod and two other ferrets were exposed to 14 
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erg/cm? for 16L/8D (both pairs of animals thus received 

the same total quantity of radiation per day), there was 
iti lesditterence yin the behavior of the animalseand» both 
pairs showed an acceleration of estrus. Williams (1969) 
PopoOrlecellateronu mice, light intensity onescalt eeence 
age at first estrus. Recently, Vriend (personal communica- 
tion) showed that numbers of photons, rather than the 
light energy, control gonadal activity in mice. If this 

is the case, a different cue is used by mammals than by 
birds, for the photoperiodic gonadal response. It is 
interesting to note that the eyes are the primary photo- 
receptor in itamiialis, whereas some part of the brain is 
responsible for the photoperiodic gonadal response in 
birds. This difference in the site of the photoreceptor 
might be the reason for the different responsiveness, 
alchougiedirtrerences ian CNS Integration of the laqhts anton 
mation could also be involved. 

In Experiment II, intact animals were stimulated 
by x 1 dim red and green light (4.00 and 9.6 uw/em-, respec- 
ively) eDuGeOnlLy Fede llont WwasterLectlve iaex Oly C ini igi 
(0.4 uw/em*). Experiment III showed that x 1 dim green 
Maweneke O Sonwheae | was not stimulatory to enucleated birds. 

Seven factors (wavelength, number of photons, 
Slercyvrectelagit, spectral transmittance Of tilters = phovo- 
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tion of light by tissues) have to be considered in discus- 
SiOn of the above results. In intact birds,sred and green 
light were effective and ae light was ineffective at low 
PieenoLt yx Cima tont) and only red lioant wac eftect: ve 
Under Very low -imtensity (x 0.1 dim itgnt) conditions, ©Since 
the green filter transmitted a range of wavelengths between 
450 nm and 550 nm with a maximum at 500 nm (see Figure 7), 
effective long wavelength light sufficient. to maintain 
gonadal activity might have penetrated through the green 
iiieervat thie higher intensity. At the lower, intensity the 
effective (threshold) amount of light might have been cut 
f£ by the green filter so as to yield results intermedi- 
ate between those of red and blue light. Blue light pre- 
sumably could not maintain gonadal activity because the 


blue filter (range of wavelengths 400 - 500 -nm) completely 


cut off the effective wavelengths. However, the number of 
photons differs depending upon the wavelength when the same 
amount of energy is used (red > green > blue), whereas the 
amount of energy differs de sending upon the wavelength when 
the same numbers of photons are used (blue > green > red). 
My experiments suggest that neither energy level nor num- 
ber of photons is the key variable,.in the bird's response: 
both thé number of photons and the energy level in:x 1 dam 
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0.1 dim red light). Consequently, wavelength seems to be 
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Ghe mosu important’ factor of long Ondtepekde ight for 
the maintenance of mature testes. Differences in light 
absorption by tissues overlying the brain photoreceptor 
cannot be discounted, however, as will be discussed 
Later. 

The action spectrum for enucleated birds under 
x 1 dim light showed the same tendency as that for intact 
Mares ite 0). iain light: red) light —Weffective, “green 
light’ - intermediate, and blue light - ineffective. On the 
other hand, Benoit (1964) reported that the extraretinal 
photoreceptor bf the duck responded to blue light as well 
es to red Wight when “the Light™'was antroduced "durect ly 
Picasa rain “citoughearduartz=1od. “Homma "(1969)" also 
showed that the extraretinal photoreceptor in Japanese 
quail can respond to both blue (455 nm) and orange-yellow 
(575 nm) light when radioluminescent paint was implanted 
in’ some part’ of the brain (see Section TII-A). These 
reports suggest that the extraretinal photoreceptor can he 
stimulated by a wide range of wavelengths of light when it 


is illuminated directly. However, when the extraretinal 
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photoreceptor is illuminated from outside as in my experi- 
ments, onby*®red light is "effective ss In this ‘case absoro— 
Eton OL -Migit by overlying tissues may be involved. — AS 
Benoit and his colleagues reported, long wavelengths can 
pass through the tissues more easily than shorter wave- 
lengths. Consequently, the different eftects ‘of wari1ous 
wavelengths on the extraretinal photoreceptor is probably 
CVE LOstne ur recring errect or frovyerlying "trssues. 

The difference in the action spectrum for the 
photoperiodic gonadal response, between intact and enucle- 
ated birds, can be explained in either of two ways, 1) the 
eye is one of the photoreceptors, 2) the eye acts only as 
am MEront =gurde™! which focusses the light on the brain photo- 
receptor +*thus a stimulatory amount of green light pene- 
trated into the brain of intact’ birds at’x 1 dim light 
because of the light guide effect of the eye, while, in 
enucleated brrds, “the Slight “guide 1s "absent so™that "the 
results were the same as for intact birds at the lower 
Meena Ue oor Owls ditions). Lt Suits the Case; tlre 
entire spectrum of visible light could have an effect on 
Govadal activecy uncem natural conditions, because the 
intensity of sunlight is presumably high enough even in 
the blue region to stimulate the brain photoreceptor. 


Since Schildmacher (1963) showed that a high intensity 
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(150, 200 lux) of blue light stimulates gonadal growth of 
intact birds (several Passeriform species), the possibility 
described above seems quite likely. This’ question should 
be checked in blinded birds by using a very high intensity 
of monochromatic blue light. 

In mammals, several reports deal with the effects 
of wavelength on gonadal activity (in rats: Luce-Clausen 
ondmeR Gown gel wee blardyceter al, 1942; Wurtmans and Werveel, 
T9369) ii mee ee tbarbanti 7511 va, e032 sain sgroundmscuamnens ; 
Johnson and Gann, 1933; in ferrets: Marshall and Bowden, 
1934). These investigators can be divided into two groups: 
some believe that wavelength has a key role in the Bote 
gonadal reflex, and others believe that all wavelengths of 
visible light and Reo NSE are effective, while infra- 
red is not, and that the degree of response depends on 
the intensity. However, since most of the investigators 
did not consider the several variables associated with 
Pcghiee dics heardaerceinterpret feherr wesults . Recent, 
Vriend (personal communication) concluded from his experi- 
ments on mice that the number of photons is the most impor- 
Cani@eeaclonm ay COnbrolmangmene: phoro=sexualai Gsponse and 
that the apparent effect of wavelength within the visible 
spectrum can be explained by the total number of photons. 


Lietitemius the case, the mechanism Of photoreception, for 
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the gonadal response might be quite similar between mam- 
mals and birds, even though the photoreceptor is different 


(the eyes for mammals; the extraretinal photoreceptor for 


birds),...However,. the integration of the light<information 


Of fading eerie to be an important Eactor-of the Ghotopertod 
in mammals, while the timing of the light period has the 
more important role in birds. 

Experiment IV and V have confirmed the results of 
Oishi and Kato (1968), in showing that the pineal may func- 


. 


Plone as a DiOLOLecepLon which receives: only red vena. 


fal 


Homma's negative findings (Homma, 1969) regarding the photo- 
receptive function of the pineal’ can be explained on the 
basis of the different amount of radioluminescent paint 

ne used, or Ehe oe eee phase of the photoperiodic gona- 
dal response he studied. Barfuss and Ellis (1971) showed 
that red light affected HIOMT. activity in the-pineal and 
Causea eiilarged testes or Ehe house Jeevaxer't Although 


these -authors did not regard the pineal as a photoreceptor, 


6p) 


their résults concur with mine and also with those reported 
by Munne (1970) for the canary and hosner etal CLO 7 deetor 
Guck pineal Im vitro, efd Suggest that the avian i pineal 


may receive and respond to light .of long wavelengths. 
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IV. PHYSIOLOGICAL AND ULTRASTRUCTURAL STUDY OF THE 
PINEAL BODY IN RELATION TO THE PHOTOPERIOD AND 


TO SEVERAL ENDOCRINE GLANDS IN JARANESE QUAIL 


A. EFFECTS OF THE PHOTOPERIOD AND OF PINEALECTOMY ON VARI- 


OUS ENDOCRINE GLANDS 


INTRODUCTION 

The photosensitivity of the avian pineal was dis- 
cussed in the previous section. This section concentrates 
Ohngine endocrine function of the pineal. 

In its elaboration of melatonin, which has a 
chromatophorotropic function in lower vertebrates and an 
antigonadal function in mammals, the pineal seems to fit 
the classic definition of an endocrine gland, although the 
target organy.is not\clear in,.birds. »)The relationship of 
the avian pineal to other endocrine glands has not been 
elucidated in spite of extensive study (see, for instance, 
the contradictory reports reviewed by Kitay and Altschule 
CHo54 and by Radlioh»s (197.0,)s).. 

In Japanese quail, as in other species of birds, 
pinealectomy has been reported to be stimulatory, inhibi- 
tony, moma has) adeno eebrecthsonsgonadal’ activity ~.sPinealec= 
tomy of young quail (operated at 1 week of age) permitted 
rapid oviducalkgrowth, butbebad no efiectwonyovany qweight 


at 4 weeks of age, when birds were reared under 14L/10D. 
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Pinealectomy was withcut effect on- quail of either sex 
KkKeph under .other,photoperiods (24L/0D, 12L/12D or 8L/16D) 
(Homma elyal,;. 1967). .On the,sother hand, Sayler and ewolison 
(1967, 1968 a) reported that pinealectomy of juvenile 
Japanese quail (operated at -7 -— 9 days of age) exposed to 
a stimulatory photoperiod (16L/8D) resulted in delays in 
Ovarian and oviducal development and decreased pituitary 
weight as measured at 43 - 47 days of age.. These effects 
were transitory and occurred only during the growth period 
immediately preceding the onset of sexual maturity. Pineal- 
ectomy did not have such effects on the: gonads of male birds. 
Gther investigators have reported no effect of 
pinealectomy on gonadal activity. Pinealectomy did not 
alter gonadal inhibition in immature quail or gonadal 


atrophy in mature quail exposed to short. photoperiods 


cr 


(Ageimgton,éteal,,1969). .-PinealectomyqothlLos ~eleaday old 
quail, subsequently reared under 16L/8D, had no signifi- 
cant effect on testicular weight in males (examined at 46, 
49, 61 and 76 days of age), nor was there any significant 
change in the time of onset of ovulation in.females (Ren- 
ZOU pe LOGA)}s> ~hannankeri 1 (1970) reported «that epineal ec= 
tomy did not alter the hypertrophy of the rudimentary right 
gonad following sinistral ovariectomy. Thus, the effect 


of pinealectomy on the gonads. seems to depend on the.age 
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SnOeSex GESTHeSDirdsy;rand@on) the photoperiodetowwhicnethe 
birds are exposed. | 

Menaker and his couneecuee recently havershown 
LOoretneehousersparrow that the pineale rs invelvedvin tne 
regulation of circadian locomotor rhythms (Gaston and 


Menaker, 1968), and circadian body temperature variations 


(Binkley et al, 1971). However, most other experiments on 


the avian pineal have focussed on the response to the photo- 


perted ci vthe pineal =! gonadal axis) (Ralphpeng70), aneeor 
for a few studies on ie adrenal wand *thyrortd® (Nikoladezuk 
and Maw, 1942; Kleinpeter and Mixner, 1947).  Nikolaiczuk 
and Maw reported that thyroid and adrenal weights of the 

chicken were reduced and pituitary and testis weight were 


increased, by exposure to sunlight (natural photoperiod 


between May and August or. October) in comparison with those 


WLEnOULUdimectestinlioght) irradiations) On@the othere@iand, 
Kleinpeter and Mixner reported a stimulatory effect of 


Ligkuvonatheithyromdsingbabyrehickss 


In mammals, responses of the mouse thyroid to the 


the photoperiod were reported by Puntriano and Meites (195 


), 


Lod 
f 


who showed that continuous light induced significant reduc- 


Gionsminedtay thyneid wiegutiy (b)ethyrotdineacuiom, temago- 
7i3i 


‘uracil, and (c) thyroid uptake of radioactive iodine: ( 


while continuous darkness produced the opposite effects. 
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Houssay and Pazo (1968) reported that pinealectomy increased 
thyroid and adrenal weights in non-hypophysectomized rats 
and increased thyroid and ovary weights in hypophysectom- 
Zed ratse(pNotOperiod was not indicated)= = On the other 
band] Back eumae (1969) and Rowe Coma ly yer evor reeds eaat 
ned Chere cic photoperiod (continuous light, daiurnals light 

or continuous darkness) nor pinealectomy had any effect on 
Eneppieuteerye- thyroid axis Of rats. | Fisker andulembert 
(1962) found that after 9 to 10 weeks' exposure to contin- 
uous light the adrenals of female rats were significantly 
smaller than those of controls which had been housed in a 
naturally lighted room. Males did not show such a change. 
Niesctral) (1971) showed that pinealectomy increased stite 
plasma corticosterone level in female rats kept for 10 days 
Peo veer nating mrt Oc in, Constante darkness but. clic 
effect disappeared after 30 days. In female hamsters, 
Reiter Steal (L966) reported that exposure of animals to 
1L/23D caused a significant reduction in adrenal gland 
weight, which was prevented by pinealectomy. They further 
Lepontecdethat. tne thyroid, glands Of dark-exposeds (iii 25D). 
goitrogen-treated animals hypertrophied less than those 

of similarly treated animals maintained in 16L/8D, while 
neither of these photoperiods (16L/8D and 1h/23D) nor 
eee ton? had any. effect on thyroid weight in vintreated 


animals. 
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Considering the above reports concerning the 
relationship between the photoperiod and the pineal and 
endocrine organs in mammals, it seemed of interest to 
investigate the effects of the photoperiod on the avian 
RineslLebody, aiduthesrelationship of the pineal in turn 


to various endocrine glands. 


MATERIALS AND METHODS 
Experiment I - Effect of the photoperiod and of 
pinealectomy on various endocrine glands of immature males 
and females: Immature male and female Japanese quail 


(2 weeks old) were subjected to pinealectomy or sham opera- 


tion (sham operated males - Experiment I-A, pinealectomized 
molest Experiment I-B, sham-operated females )— —Experamen. 
I-C, pinealectomized females - Experiment I-D). The birds 


were aSSigned to one of two lighting treatments, to either 
Continuous plight. (24L/0D) ,or_a. short photoperiod) (8L/16D).- 
Temperature waS maintained at 30.9 + 0.3 °C. .After 3 weeks 
of the experiment, all birds were killed and body weight, 
gonad, thyroid, adrenal and pituitary weights were measured. 
Experiment, 11 — Effects o£ the photoperiod on 
Various endocrine glands of adult malesand temalervquail: 
Adult quail of both sexes (males - Experiment TI-A, females — 
Experiment TI-B) were divided at 9.5 weeks of age into two 


groups, one maintained under a long photoperiod (16L/8D, 
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lights, on, from .0600 to 2200) and. the other in. a short photo- 
period (8L/16D, lights on from 0900 to 1700). ‘The tempera- 
tureswas 30.0.7 .0260.°C.., After .3 weeks, body weight.vand 
gonad, thyroid, adrenal, pituitary, pineal iand. «spleen 
weights were measured. 

Experiment III - Effect of the photoperiod and 
of pinealectomy on various endocrine glands of adult male 
quail: Adult male quail (10.5 weeks old) were subjecteg to 
pinealectomy or sham operation (sham operation - Experiment 
III-A, pinealectomy - Experiment III-B). They were divided 
into two groups, one assigned to continuous darkness (0L/ 
24D) and the other to 24L/0D. Temperature was 28.3 + 0.5 
°C. After 3 weeks, body weight and thyroid, adrenal and 


gonadal weights were measured. 


RESULTS 

Experiment I - Effects of the photoperiod and of 
pinealectomy on various endocrine glands of immature male 
and female quail: Immature male quail - The results are 
Showin Table IxXtand x. After S weeks of Lighting treat— 
ment, sham operated birds showed considerably higher testis, 
adrenal and pituitary weights in 24L/0D than in 8L/16D 
(oem Ol eo 0.0 band ap. «6 0s0 1 fs respec uLVve Ly Log boc 
absolute and relative (mg organ weight x 100 per gm body 


weight) values (Tables IX and X, Experiment I-A). Pineal- 
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ectomy abolished the response of the adrenal and pituitary 
to the photoperiod (Tables IX and xX, ExperimenttleBy* 
However, pinealectomy did not alter the reduction of testis 
weight under 8L/16D. There were no significant differences 
in body weight or thyroid weight between birds maintained 
in 24L/0D and 8L/16D. There were no statistically signi- 
ficant differences in organ weights between sham operated 
and pinealectomized birds within the same lighting treat-~ 
ment, 

Immature female quail - The results are shown in 


Tables KI and XII. Among sham operated birds, body weight, 


'~ 


Ovary weight, adrenal weight and pituitary weight were sig- 
Woitscentivihighner ine 247 0Dethan tne sh/Lepe(Tablesxzn, XiL: 
bodveveianten pra O20lyoovary weighiyup: <es08s Eorebock 
absolute and relative values; adrenal weight, p< 0.05 for 
absolute and p < 0.1 for-relative value; pituitary weight, 
phoeleGlyrersabsoliite and pas OA05eforinelarive vale). 
There were no differences in thyroid weight, in either 
absolute or relative values, between sham operated birds 
in 24L/0D and 8L/16D. In pinealectomized birds (Tables 
XI, XII, Experiment I-D), all of the above differences in 
organ weights, except for ovary weight, disappeared. The 
ovary weight of pinealectomized birds, like that of sham 


operated birds, showed a significant difference between 
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241/0DVand 8L/16Di (> <§0.05 for absolute and relative 
Values) ss Theres was no statistically significant ditter— 
ence in organ weights between sham operated and pinealec- 
tomized birds within the same lighting treatment. Oviduct 
weight was also measured in 24L/0D birds, but this value 
was not Significantly affected by pinealectomy, although 
there was a Slight difference (1,646 mg in sham operated 
birds, end), 95 emo © spinealectomi zed, birds). 

Experiment Il —- Effects of the photoperiod on 
various endocrine glands of adult male and female quail: 
The vesults are; shown in Tables XIII and XIV. At 12.5 
weeks of age, after 3 weeks of lighting treatment, both 
absolute and relative gonadal weight was considerably 
reduced under 8L/16D both in males and females (p < 0.01 
for males and p < 0.05 for females). Absolute pituitary 
weight was also reduced in both sexes under 8L/16D, although 
this reduction in females was not statistically signifi- 
Canty There were! no’ Significant differences’ 1n=body weight 
or other organ weights under 16L/8D as compared to 8L/16D. 

Experiment III - Effects of the photoperiod and 
of pinealectomy on various endocrine glands of adult male 
‘quail: ‘The results are shown in Tables XV and XVI. In 
shamsoperated birds —(Experiment III-A), testis weight 


(absolute and relative) of birds in O0L/24D was significantly 
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Table XIII 
Effects of the photoperiod on various endocrine glands of adult 
male and female quail (Results of Experiment II-A, II-B in Sec- 


tion IV-A) (absolute organ weights) 


OL A A 


A: l16L/8D Be ou, £op 

Experiment II-A: male 

Number of Birds 6 8 

Body Weight (gm) Te Oa Shee ab UO gs aes Esau 

Testis Weight (mg) eo + 64 458 + 224e*s 

Thyroid Weight (mg) 3.84 + O22 Bee 0.79 

Adrenal Weight (mg) ~ Ge24 = C725 j Be Oe Ome 

Pituitary Weight (mg) ie Oro OceeL 1.5074 Cis A 

Pineal Weight (mg) 0.66 + O70 0.84 + O07 

Spleen Weight (mg} Sian |e OTS een ee ON 
Experiment II-B: female 

Number of Birds | 5 A 

Body Weight (gm) TAQK Gees Thess 13 0./G ie Sy il 

Ovary Weight (mg) SPAS £7612 2,073 2 ot le a2 

Thyroid Weight (mg) 6.88.4 ARS LORS: 5.54 + eo 

Adrenal Weight (mg) Tha ANAY oak O@26 Ol. Gos 0.70 

Pituitary Weight (mg) PAO EA ss ORO ea hehe Onn 

Pineal Weight (mq) Of mee UR US ad pi Ae a O03 

Spleen Weight (mg) B3'5 40 bet 5G 62.0) chee we 
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Table XiV 
Effects of the photoperiod on various endocrine glands of adult 
male and female quail (Results of Experiment II-A, II-B in Sec- 


tion IV-A) (relative organ weights) 


A ER AF 


A: 16L/8D | B: 8L/16D 
Experiment II-A: male 

Number of Birds 6 8 

Tes Wt/B. W. ei ano 2 407 + 194 *** 
Thy Wt/B. W. Bodies Os 7 4.74 + O69 
Adr Wt/B. W. 5.70 a3 One 5540 £ 0.26 
Pit Wt/B. W. e160 ees Oats tS ew eae 0.08 
Pin Wt/B. W. 0.60 + 0.06 0.77 + 6,06 
Spl WL/7s. W. SECM kx 2) A 6 Sue ag) 

' Experiment II-B: female 

Number of Birds 5 4 

Ova Wt/B. W. 4,051 2 453 ik, eyaket so Os 
TOV IN G/B Wie 4-985: 0.89 au 2852 Oye 
Adr Wt/B. W. Be ime esd 5.09 + 0.42 
Pit ewWis/ By Wie LAT oe Obs Re) ive Cee Orang 
Pin Wt/B. W On 0 ome Oma. Ong 0.03 
Spl Wt/B. W. 247 ae DRS Sn oie pede 
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relative organ weight: mg organ weight x 100/gm Body Weight 
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reduced (p < 0.01). Relative adrenal weight was larger 
under OL/24D-than under 241L/0D, contrary to: the results 
with young birds. However, the absolute value did not show 
AnyestadtioetCca,ly Sloniricant difference, There was nc 


difference between 24L/0D and 0L/24D birds. in body weight 


ry 


or in thyroid weight. In pinealectomized birds, (Experi- 
ment III-B), body weight and testis weight (both absolute 
and relative) of animals in OL/24D were considerably lower 
than for those in 24L/0D (p < 0.01). Pinealectomy abol- 
ished the effect of the photoperiod on adrenal weight. 
Thyroid weight did not differ significantly between 24L/0D 


and OL/24D pinealectomized birds. 


DISCUSSION 
The results of Experiment I revealed possible 
relationships between the photoperiod and the pineal, pitui- 
tary and adrenal in immature quail, while the thyroid. gland 
was unaffected by the photoperiod or by pinealectomy. In 
adult birds; the effect of .Ehe photoperiod on the ee unten 
and adrenal glands was not very clear (Experiment II and 
TIT). The adrenal gland of young birds was shown to be 
dependent on the pituitary, but this dependence was less 
marked among adult quail (Section IV-C). This, together 
with the response of pinealectomized birds to the lighting 


treatment, suggests that the photoperiod - pineal relation- 
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ship may be important in the maturation of the preUrtaL ya 
adrenal axis. Since pinealectomy abolished the response 

Gt Che pituitary and of “the adrenal fo “the photoperiod, the 
Pitical Might be finctioning “(ly "as a =photorecestor, or (2) 


as "a neuroendocrine gland which affects the pituitary - 


a) 


adrenal axis, or (3) both. The examination of these pos- 
StUr Pi tiee Ss left tor future investigqecion: 

As was described in the Introduction, there have 
been few studies on the relationships between the photo- 
period, pineal and endocrine glands, except for the gonads, 
in birds. Inconsistent results on the effects of light on 
the adrenal (inhibitory by Nikolaiczuk and Maw (1942) in 
chickens, stimulatory in this paper) and on the thyroid 
(inhibitory by Nikolaiczuk and Maw (1942), stimulatory by 
Kleinpeter arid Mixher (1947) in baby chicks, and no effect. 
in this paper) could be due to differences in species and 
age,of tne, birds,” However, since temperature diliverences: 
can reverse the effect of the photoperiod on the thyroid 
of rats (Soliman et al, 1958) and since light without ultra- 
violet produced thyroid hyperplasia in the chicken (Turner 
and Benedict, 1932), the influence of temperature and of 


tie spectral Composition of the light must “also be “consa- 


There are four reports which showed no effect 


of pinealectomy on the adrenal or the thyroid in the chicken 
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(Mikami, 1950; Shellabarger and Breneman (1950) quoted by 


Be On elo /0s otatsberg, 19655 Yadura et al, 1969)). 


How= 


ever, Since none of these investigators took the photo- 
period into consideration, negative results might have been 


expected according to the results reported in this paper 


(no statistically significant difference in organ weights 


between pinealectomized and sham operated birds under the 


same photoperiod, while pinealectomy abolished the responses 


of the pituitary and the adrenal to long and short photo- 


Of INterest in tiis 


Also 


periods). 


GiySingh and Turner (1967) 


weight of the 10 week old 
was unaffected. 


AS was 


regard is the finding 


that melatonin reduced adrenal 


chicken, while thyroid weight 


In the Introduction, reporters. in 


mammals suggest’ that the adrenal gland, but not the thyroid, 


is sensitive to the photoperiod and to pinealectomy. This 


is in accordance with the results for Japanese quail repor- 


ted in this 


paper. However, continuous light might be 


acting not only as a long photoperiod but also as a kind 


Of stressor. The pineal might also be involved in the 


organisms' response to stress. It would be of interest to 


study the effect of pinealectomy on adrenal changes in- 


. 


duced by stress. 


The gonadal response to the photoperiod (24L/0D, 


8L/16D, or 0L/24D) was not affected by pinealectomy either 
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in young quail of both sexes or in adult male quail (Exper- 
INenesml a tb, eand TL b)in) In other experiments.  Naveralso 
fOung Nowerrect Of pinealectomy oOnythe gonads, ote2) weer 
OldgmalemQuarimeuncer 17L/12p" (Oishi unpubl sieasdata yi. 
These confirm the findings of Renzoni (1967), Homma etral 
OSC 7eerrtngcon ct al (1969) "and@kannankeri 1 9(19 70). 

The discrepancy between my results and those of Sayler and 
Wolfson (1968 a), who showed that pinealectomy delayed ovar- 
ian and oviducal development in 35-day old quail under 
24L/0D, could be explained as follows: even though the 

age of the birds was the same in both experiments (35 days), 
Ovarian growth appears to have been slower in birds of my 
experiment (674 mg) than in quail of their experiment 
(37 came )e steed Ney showed that the effect of pineal- 
ectomy on the ovary was observed at 43 - 47 days when the 
growth rate of the ovary was slightly retarded by 16L/8D, 
35 days in the present experiment might have been just 
jguethers Geley selgys) Menge esteteWi) Vener telshy rong wialexiiay cepqarcnemmiicveness  @veuritl= 
ally, there was slight difference in oviduct weight between 
sham operated and pinealectomized birds (Experiment I-C 
andl) ) pesucgesting the beginning Of a vecritical period. 
Ite sealsompossibles thet age at the time of pinealectomy 

(2 weeks vs 7 - 9 days in Sayler and Wolfson's work) was 


responsible for the discrepancy. 
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B. EFFECT OF UIGHT AND DARKNESS ON PINEAL HIOMT ACTIVITY: 


INTRODUCTION E 

Ti aeeeignne control of melatonin rhythms 
is well known in rats (Wurtman etre 6s) ne birdse, 
there are several reports which show the effect of light 
on activity of the melatonin forming enzyme, hydroxyindole- 
O-methyl transferase (HIOMT), in the pineal... Higher pin- 
Cab MiOMT actayicy gn light than in darkness was reported 
by Axelrod et al (1964) in the female chicken; by Winget 
et al (1967) in the adult male chicken; by Lauber ees 
(1968) in male chicks; by Munns (1970) in the canary; by 
Alexander Ce eas) Jey) se imeee Japanese quail; by 
Rosner etal, (o/b an Male ducks "pimecals In) vitro. show] 
ever, there is one recent report which showed higher HIOMT 
ecelvley. on Carkness fian tn light ne 46 —=24e dayecoid 
Japanese quail, and no difference at 71 days of age 
(Sayler and iewactonvp alckscue Sex of these birds is not 
Teported. 

Axelrod and Lauber (1968) and Alexander Seuss 
(1970 a) found evidence for two HIOMT systems in Japanese 
quail: one requires N-acetyl serotonin as a substrate and 
O-methylation to produce melatonin; the other requires 
serotonin. aS a substrate and O-methylation to produce 5- 


methoxytryptamine (5-MT). Axelrod and Lauber (1968) fur- 
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ther reported that the melatonin producing enzyme was heat 
etable at 48° °C for 4 min. and the other enzyme was heat 

dabile. Jif this is the case, an enzyme agsay conducted at 
37 *C or 38 °C, which is even lower than the body tempera- 
ture of the birds, would not distinguish between the two 

enzyme systems. Consequently, I have examined the effect 
of higher incubation temperatures on melatonin production 


Lhe War Or. 


MATERIALS AND METHODS 

Animal care, source of light, and other details 
Ofene experinental tesign Were as described in Section Ti 
(General Materials and Methods). 

Assay); procedure: “For assay Of HIOMT, the method 
oo Axcinecr et ‘al 1961} and Quay (1965) was used with mogi- 
fications as noted. 

Experiment I - The optimum incubation temperature 
for the melatonin-producing HIOMT assay: 

(a) 21 pineals (taken from 11.5 week old male quail) 
were homogenized in 2.8 ml of pH 7.9 sodium phosphate buf- 
fer cite "CO. After lp minutes of Gentritugation 2 0.2) ml 
of supernatant (1.5 pineal equivalents) was transfered into 
Sach Or ieetest- tubes, and 0.05 ml of N-acetyl serotonin 


* Fishér Scientific Co., Fair Lawn, New Jersey 
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(0.5 mg/ml) was added to 6 of the tubes. The same volume 
of distilled water was added to the 6 control tubes. 


Ten } Of S-adenosyl-L methionine (methy1-*4¢) (specific 


activity 0.5 mCi/mM) was added to each oe Immediately 
ChenearLter,;, pairs Of Lest tubes were ayeeueyaci ton 90 
MiInutea vdomeal lows: (1) at room temperature .(20) °C). 
(ymetmemweacemapatieat s60 °C, (3) 4067 (4) ed epee. 

(Sea b oC (oO) oe5 °C. ~ Incubation: was terminated wien 

the addition of 0.5 ml of 0.1 N-NaOH saturated with NaCl. 
The 4 cemelatonin formed was extracted into 6 ml of chloro- 
form. The aqueous layer was removed by aspiration and the 
chloroform was washed twice with distilled water. A 4 ml 
aliquot Of extract was transferred to a glass vial and 
evaporated. After evaporation, 1 ml of ethanol and 10 ml 
Cian UOmea(ePOt aS, POrOP* * «100 sq, toluene ai, U0U sin) sewers 
added. Radioactivity was counted for 10 minutes with a 
Nuclear Chicago scintillation counter (Mark ha aes 


(b) Since the first experiment revealed the optimum 


temperature for pineal HIOMT activity to be between 45 °C 


a Amersham/Seacle Co., 2000 Nuclear Drive, Des Plaines, 
DL binorus 
‘ake Aldrich Chemical Co., Inc., Milwaukee, Wisconsin 


kkk Aldrich Chemical Co., Inc., Milwaukee, Wisconsin 


**** Nuclear~Chicago Co., Des Plaines, Illinois 
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and 50 °C, a second experiment was set to determine the 
precise optimum temperature. Twelve pineals from 12 week 
old male quail were pooled and homogenized in 1.6 ml phos- 
Pharce burton, and.0:2eml. of-pineal emtract. 41,5 pineal 
equivalents) was put into each: tube. Incubation tempera- 
ture was Boao © CnOre5 0. 2C, sg THe procedure Was ether 
wise the same as in the first experiment. 
Peperiment Ii —- Effects of, bight, and darkness 
Ovepined | sHiOMl activity: 
(a) 35-day old male and female quail reared under 
24L/0D were divided into 4 groups. During the experimental 
period group A (males) and group C (females) were kept in 
continuous light (24L/0D) and group B (males) and group 
D one were kept in continuous darkness (0L/24D). 
After 11 days of the experiment, all peeae were 
killed by decapitation between 0900 and 1030. The birds 
of groups B and D were killed in darkness. Body weights, 
gonad and pineal weights were recorded. Pineal bodies 


were dissected out quickly, put in a small plastic vial 


and immediately frozen).on dry ice. HIOMT activity of indi- 
vidual pineals was assayed according to the method des- 


Cribed above, with incubation temperature set-at 47 °C. 
(b) Quail reared under 24L/0D were divided at 30 
days of age into four groups; group A (males). and group C 


(females) were kept in 24L/0D and group B (males) and 


7 q 
pF 
a 
i 
a SE gv 
JIU Dele\ 
- 
ce 
al eit Pid te a Cress 
: } 
. 
ears shot >. i 
: -_" ‘ : 
7 - 
i ay ae 
. D 1 
‘ 
“+ 
rm 
_= 
' ~ 
‘. 
a 
4 i] “a - a 
- iy ; 
rh) ad “. 7 
. 
- a 
- 
i ti 
~ - 
oe a ° - 
~~ wr 
= * . 
‘ et - 
7 
ie + 
tt. 
’ 
» Saal . 
: 4 
Z % 
< — 
< : se 


- * ‘ i 4 4 
* - ‘ 
<4 , 
. i. Pf as : ys oa ae 
a i Ma ¢ a5 ad a bh ys 
vy 
fi s ¥ ; _ 
t i a ae f hos bic. | mM eoly ik 
— - bod = = ‘ a - . ' 
7 
7 * = 
Lato = ohm 4 4 he Pee. - a 
SAL Fl (att Sat. eae ee Acted ra 


ie 
= 5) Se 
sepia UTTOR jie 


q 5 a 
a a Ep gee..0s 
A | és TE 4 ‘ . ~ 23 Po7 . 
> 
: £ 
»* J i Lar A715. i uv 


- = 7 ~ 
| . a \, # 
~ ~ . 
> 
7 ; $s -8'7 See 
i * z he 
' 
Py is * i ~ 


ee oat pee : 


ayaa ed iy vi Spain 


n 4 = Pu 


ase 


group D (females) were kept in OL/24D.. Temperature was 
oo i 2eee ls Ge Cy 

Atlter: 20 days of, the experiment, all the birds 
Were killed between 0800 and 1200..,-The birds of groups 
Band D were killed in darkness. Pineal bodies were dis- 
sected out, weighed and frozen for later assay. Body 
weight and gonadal weight were also recorded. 

(c) Male quail reared under 24L/0D to 75 days of age 
were divided into two groups: group A birds were kept in 
24L/0D and group B in OL/24D. Temperature was 27.0 + 0.4 
i Case 

After 21 days of the experiment, all birds were 
killed between 0800 and 1030. Birds of group B were killed 
in darkness. Pineal weight, body weight and testis weight 
were; recorded. 

(dad) Male quail, 21 weeks old and reared under 24L/0D, 
were divided into two groups: group A birds were maintained 
Ppieasle2L/l2b phetoperiod withethe, light, turnedson et 0600 
and.off at 1800; group B birds were kept in 12D/12L, with 
the light on at night between 1800 and 0600. 

After 15 days of. the experiment, halfyo£f£ the 
birds from each lighting treatment were killed at 2400 and 
Maltlarol 00... Grown A birds, at 2400 and group B birds at 
1200 were killed in darkness. Pineal bodies from 5 birds 


in each lighting treatment were pooled and homogenized 
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RESULTS 

Experiment I - The optimum incubation tempera- 
Eure tor tre me latonin~producing HIOMT assay: The first 
experiment revealed that the optimum temperature for ineu- 
bation of the pineal 2m Vitro was between 459°C ande50) °C 
(solid line in Fig. 17). The second experiment determined 
that the optimum temperature was 47 °C (broken line in 
Fig. 17). The gquails' body temperature, measured in the 
cloaca, was 38.2 °C and deep body temperature was 42.5 °C. 
Thus this experiment revealed that the temperature optimum 
for HIOMT activity is higher than the bois body tempera- 
Cure x 

Experiment if -- Effects of Light and darkness 
on pineal HIOMY activity: 

(ae The results are shown in Table XVII andre Ec eee 

AS 46%days Of age, HIOMT activity of both makes dnd réemates 
aid not show a statistical difference between 24L/0D and 
Oi/ 24D atter 1) days of light treatment. “Testis weight 
am O0L/24D Was reduced considerably (p< 0.001). The ovary 
was not significantly reduced in weight after 11 days of 
lighting treatment, although some of the birds' ovaries 
had started to regress. 


(DieAfeer 20 days Of Lighting treatment, both male 
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and female quail (50 day old) showed high. HIOMT activity 
in 24L/0D and low activity in 0L/24D (cpm/mg pineal in 
male and cpm/pineal in female showed statistically signi- 
Became ue rerencess po = 0205. lable xy li, igen so) les 
tis weight and ovary weight were reduced considerabiy in 
0b/24 3 (p< 0.001 and p < 0.01, respectively). Pineal 
weights of male quail under 24L/0D were lower than under 
OL/24D (p < 0.05). There was no difference in pineal 
weights of female quail between 24L/0D and OL/24D. 

(c) 96 day old male quail, after 21 days of LPagive sind 
treatment, showed significantly higher HIOMT activity in 
Z24G/0Dethan any OL/ 24D (p< 0.02 “for both cpm/pineal and 
epm/mg pineal;,Table XVII, Fig. 20). There.was no signi- 
ficant difference in pineal weight. Testis weight in 0L/ 
240 ‘showed. a. Significant reduction (p <. 0.001). 

(hy line sk2iy LZ AIOMT activity. was high at i200 
(during the light period) and low at 2400 (during the dark 
period. Tagle xVIiL, Eig. 21).* When the idight-dark cycie 
was reversed to 1p/ ee HIOMT activity was also reversed 
(high activity at 2400 during the light period, and low 
acuiviey at 1200 during the dark-period).. - There were no 


differences in body weight, pineal weight, or testis weight. 
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Prouresli: Incubation temperature optimum for HIOMT assay 
in vitro. (Result of Experiment I in Section 
IV-B) 
Solid line: Result of Experiment I- (a) 


Broken line: Result of Experiment I-(b) 


Figure 18. Pineal.HIOMT activity after li days in 24L/0D 
or OL/24D (46 day old male and female quail) 
(Results of Experiment II (a) in Section IV-B) 


The vertical bar represents standard error. 
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Figure 19. Pineal HIOMT activity after 20 days in 24L/0D 
or OL/24D (50 day old male and female quail). 
(Results of Experiment II-(b) in Section IV-B) 


The vertical bar represents standard error. 


Figure 20. Pineal HIOMT activity after 21 days in 24L/0D 
or 0L/24D (96 day old male quail). (Results 
of Experiment II-(c) in Section IV-B) 


The vertical bar represents standard error. 
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Figure 21. 9 Pineal HIOMT activity after 15. dayceing) 27 
or 12D/12L) (162 day old male quatl) | (Resutlouo: 
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DISCUSSION 

Quail pineals were assayed for the melatonin- 
forming enzyme hydroxyindole-O-methyltransferase (HIOMT), 
with N-acetyl serotonin as substrate. The optimum incuba- 
tion temperature was determined to be 47 °C. Daytime deep 
body temperature Of-the quail was: 42.5. °C. Thus the epti— 
mum temperature for the enzyme is higher than the body 
temperature. The enzyme activity at 47 °C was more than 
three times higher than that -at 38 °C. This confirms. the 
Eeporte by Axelrod and Lauber (1968) that HIOMT requiring 
N-acetyl serotonin as. substrate was stable after heating 
aoge (CC fOr 40min. The HIOMT activity Curve au idicter— 
ent incubation temperatures (Fig. 17) showed a single 
peak, suggesting that only one enzyme is involved in the 
production of melatonin from N-acetyl serotonin, although 
there may be another HIOMT requiring serotonin and hav- 
ing a lower temperature optimum (Axelrod and Lauber, 1968; 


Alexander et.al 1970 a). 


Thies. inoing ef bigh BIOMT activity im Cont inueus 
Tight and in the light phase of 12L/12D and 12D/12L jaght- 
ing schedules, and low activity in continuous darkness, and 
in the dark phase of 12L/12D and 12D/12L, contirmed tic 
findings by Axelrod. et al (1964), Winget et al (1967), 


Lauber et al (1968), Alexander et al Aig70 a, 5B). and) 
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Rosner et aly (1397/1) in various avian Species, Sayler-and 
WoTtfson"(i969) “reported ‘high HIOMT activity in the tdark 
phase”and-low Activity in the Tight phase ‘of=ren/sy" in 46 = 
48"day old’ quail but no photoperiod-related ‘difference in 
HIOMT activity at 71 days of age. The discrepancy between 
theiz results and mine might ‘be"due to -a “difference in 
history of light treatment under which the birds were 
reared, or to the length of time of the experiment, because 
it does not seem to be due to a-difference in sex or age 
of the birds. This should be examined in future investi- 
gations. 

A comparison of the results of Experiments II-(a) 
ato fr (b Ny ES einverssiings “At Weast =n young“euerr (465— 
SGsaaye4orey, “rl vdays of ‘Light *treatment did ctr elicit a 
difference in eneune activity but 20 days of treatment: did 
produce an effect. These results suggest that it requires 
Some time for the amount of the enzyme to change after 
transfer oF ine "aninals to’ a ‘certain Light itreatment. “in 
Gas Civewone(Axelrod@etedl; 1964) and in 66 day old Japan- 
ese quail (Alexander et al, 1970 b), 5 days ‘of light treat- 
ment was enough to induce a change in HIOMT activity. The 
reason for this might be the difference in light schedule 
before the experiment or the different age of the animals 


at the time of the experiment. 
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Not only HIOMT, but melatonin itself is reported 
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to have a rhythm which is regulated by the light and dark 
evcle (Ralpy 67 al, 1967; Lynch, 1971). However, the maxi-— 
mum amount of melatonin was observed in the dark period and 
Che tinimininethe light period, thus the whace Be the 
melatonin rhythm is just opposite to HIOMT activity.. How- 
ever Ssincess number of events may be involved in these 
phenomena, the phase of the rhythm need not be expected to 


coincide. For example, 1) the amount of melatonin produced 


in vivo is affected not only by the amount of enzyme but 


abso by the concentrations of both substrate and methyl 
doner, 2) a high amount of pineal melatonin might reflect 
accumulation in darkness because of inhibition of the 
release of this Substance, 3) Ralph and his colleagues 
measured the amount of melatonin by melanophore-contracting 
potency of the crude pineal extract. There may be othe 
substances in the pineal which have the same effect on 
melanophore contraction as melatonin. 

Barfuss and Ellis (1971) recently reported that 
continuous red incandescent light inhibited HIOMT activity, 
while light emitted by a fluorescent tube was stimulatory. 
They explained their results by pointing out that the 
fluorescent tube provides little energy in the red send of 
the spectrum. However, incandescent light, which delivers 


avlearce traction of its light in. the red, wes stimulatory 
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LOMnLOM DE according Loeresnl te reported inthis -papersand 
by Rosner etyal (1971) and presumably) Some of the, other 
investigators who showed stimulatory effects of light on 
enzyme activity may have utilized incandescent light. The 
solution of the discrepancy concerning action spectrum 
SLrrects OnVHIOMP activity :in the’ pineal remains’ for future 
investigations. 

HIOMT in the house sparrow was found to be inverse- 
byoreilated toe the annual ‘cyéle of gonadaltactivity, (Bartuss 
end ELIAS Ono7 1p. APemandervetial (1970No) Peeper cedMenat 
pineal HIOMT activity in quail increased and su sequently 
plateaued while the ovary grew from 20 to 90 mg, then HIOMT 
decreased at the beginning of rapid yolk deposition. These 
reports suggest a relationship between melatonin and the 
gonads. . However, experiments seeking to show an effect of 
administered melatonin on gonadal activity yielded incon- 
SieGenthresultisy  thenma er al’ (1967) amplentedyee! Vers@con- 
Caihinalmedatonin® (1 /Li0tepalo0 Are) Punder™ the skin of & 
week old Japanese quail and observed an inhibitory effect 
on both male and female gonads after 3 weeks of treatment. 
Singh and Turner (1967) injected melatonin (50 ug/i00 gm. 
Baw. ana 100 14/100 om. B. W.) into male and female 
chickens from 8 to 10 weeks of age, and observed an inhi- 


bitory effect on the gonads. On the other hand,. Renzoni 
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(765) observed no effect of injvected melatonin (30, 100 

or 500g) on the gonads of Japanese quail (males, 15 - 

45 days of age; and females, 15 - 100 days of age). Sayler 
and Wolfson (1969) injected adult Japanese quail with 
Peroemooses oie me tatonin §() . 0 on 200mg) sunpcutaneously, 
aiOmLeOunGynOserrect... -Oishi (unpublashedidata), injected 
Ce ee ance LUO mt COL Melatonin wineravenouc! vain oad tlt 
male Japanese quail maintained under various photoperiods, 
Bice POUnNC NO elLtect On the woneads. Consequently, although 
the relationship between light and gonadal activity is 

well established, the relationship between melatonin and 
gonadal activity remains to be elucidated. 

As was described in Section IV-A, the pineal is 
InNValVed= ine pNOcODer Odi Cupltuitany endvadrenal, pesponsec: 
Singh and Turner (1967) reported that melatonin had an 
inhibitory effect on adrenal weights of male and female 
chickens and a stimulatory errect on one pituitary weight 
of female chickens. Consequently, melatonin might be an 
active agent of the pineal which regulates photoperiodically 


induced pituitary and adrenal responses. 
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DOS. 
C: ENDOCRINE EFFECTS OF HYPOPHYSECTOMY IN JAPANESE QUAIL 


INTRODUCTION 

The tropic and feedback relationship between the 
mammalian hypothalamus—hypophyseal system and several endo- 
erine glands (gonads, thyroid, adrenal cortex) has been well 
established (Gorbmanwand=Bern, 1966). However, in birds, 
hypophysectomy has not always led to the "expected" effects 
on adrenal-and thyroid (Miller and Riddle, 1942; Nalbandov 
and Card, 1943; Newcomer, 1959; Miller,. 1961; Ma and 


Nat bancovegl963,,Nagra et -al,,1963; -<Bolssinetral, 1966; 


BeadLeyeandsHolmes; 1971) ; 
As was shown in Section IV-A, considerably higher 
pituitary and adrenal. weight in continuous light than in 
a short photoperiod was observed in young Japanese Ciichigl 
and this difference induced by the photoperiod was abolished 
by pinealectomy. These reuslts suggested some relationship 
between the environmental photoperiod and the pituitary 
and between the photoperiod and the adrenal, but whether 
there is a. direct relationship between the pituitary and 
thenadvendinor thynoide«is noticlears), Toiclarify.this, 
experiments were designed to determine the effects of hypo- 
physectomy. on various endocrine glands in Japanese. quail.. 
Hypophysectomy has been eee a to alter pineal 


“uiteastriucturer (lupulescu,, 1968; Satedate eteal,,1970; 
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Karasek, 1971), and, on the other hand, hypophysectomy 

had no effect on’ pineal*HIOMT activity in’mammals (Wurtman 
Ceti lI64)eeinethis study, I have!exammned the effects 
of hypophysectomy on the avian pineal, especially with 


PesoeCue Loan LOMT activity 5 


MATERIALS AND METHODS 

Technique of hypophysectomy: Although the trans- 
buccal method is commonly used for hypophysectomy of birds 
(Hu ieande Parkes, 1934>) Opel, 1969), Rothchild 's oral 
method (1948) was used because it is a somewhat simpler 
operation and yielded a higher survival rate (80% survival 
in adult quail without replacement therapy 2 weeks after 
the operation): In young quail, especially males, it was 
Crop mCOLACILeVOvcmlil Gn Survival erate. 

Experiment I - Effect of hypophysectomy in imma- 
tubresquail: Male and female quail, reared to 4.5 weeks of 
age under continuous light (24L/0D), were submitted to 
either hypophysectomy or sham operation. After surgery, 
all birds were kept for 13 days in environment chambers 
under 24L/0D. Animal care and lighting conditions were as 
described ameSection Ile" Temperature wase30.0 "S052 eC. 
At tthe “end ot ‘the experiment, birds were decapitated and 


autopsied. The pineal body was dissected out quickly, 


weudiedw@and puteanto a plastic vial on dry ice, "to be™ stored 


* 


ered asa ceelbit: | 
Arle aft Gitte oven = enya ve At 
itiw WHélesges loahiq each nbs 


ie! aby i sala YLA | 

: slat d in fess ih iia po teat ‘ekamade ib wth, 
teen POR ADGT 9 fPPOL , tage sees here 
HED) Thy ghey a! re T Parnaeed eet <n ni dom aa 
Se en - a 
| ; Lee: ialleat ‘ Wf ted J hin byes colt 1 it hat ‘ube - ne 
neath fi veh ent ESiLinpachee dd mabege “piagitely bi lank sanioaes i4 
7 bo ota qeeope ipa ove betas ae, sto | e 

inn te w nati met en 20 ee t soamcegat au by . : 


. 7 


= 


a 
-—) 


24 LAsey ov rt) Ie Seas ie i tae haw of, 4 vt 
a Be oH! says; arabe anes steht wuouaktagn “xabw ape 
gpa 2 eh Oot 1 seanee ahi Fe caatbomeregergl sodtia ') 
Brodnétly sidinegivew wi egnb fs ‘aa Pquk' e10w aay 

ae wrew Snub? thes’ Vek sOg hl Oe sips tomlna OOS ante 
S400) P02 Sav ae ekeyDT (Tt. qodgste We pod zse9b 
ins BOFt nop sue SRE enti eas? aK Be adil 
isin vont eerinaé eet yeol Aenty-ettt >. Bebagodumy 
var Feb Agshih ener tq babs as be = 


oe ee ieee ey 


a 


EY ie he 


frozen for later, measurement of HIOMT activity according 
nO ice ee method described in: Section IV-B. Body 
weight, and adrenal, thyroid, and gonad weights were also 
measured. Completeness of the hypophysectomy was checked 
anatomically at the time of autopsy. 

heeermiImentey il, ALL st Vie Voy Vl Rerecks of 
hypophysectomy in adult quail: Male quail were reared 
under 24L/0D to 8 weeks (Experiment II), 10.5 toes (Pxper— 
iment III), ll weeks (Experiment IV), and 15.5 weeks of 
age (Experiment VI). Female quail were reared under 24L/ 
OD to ll.5 weeks of age (Experiment VY). After hypophysec- 
EGiye toiLcds were kept under 24L/0D. in environmental ehan= 
bers. Other procedures were the same as in Experiment I. 
Temperature was about 28 °C. After 14 days (Experiment 
Ti,.1V),.10 days (Experiment II), 15 days (Experiment Vv) 
EBaoe ASW y SMO Va Te tts (Exper iment Vij Dawes were killed by 
decapitation and organ weights were measured. Pineal 
bodies of birds in Experiments IV and V were eer frozen 


for later HIOMT assay. 


RESULTS 
In-all of these experiments, hypophysectomized 
birds showed conspicuous molting. 
Experiment I - Effect of hypophysectomy in imma-— 


ture quail: All the hypophysectomized male quail died 
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before the end of the experiment.” "Results from 5 females 
SUEViVing outrof Jl*are’ shown in Tables XVII and XIX and 
Figure poe Hypophysectomized birds showed considerable 
reauctton Of Ovary Welght” in’comparison With sham operated 
birds (p < 0.001). Adrenal weight was also reduced consid- 
erably (p < 0.05), while pineal weight and thyroid weight 
were not affected by hypophysectomy. Body weight.was 
lower in hypophysectomized birds, but this difference is 
due to the reduction of ovary weight: when ovary weight 
was subtracted from: body weight, the latter did not differ 
from normal... There was no difference in.HIOMT activity 
per pineal or per mg pineal between sham operated and 
hypophysectomized birds (Table XIX, Figure 22). 
Bxperiments*i11; Til, IV, V5 View btrece aL oypo- 
physectomy in Sault Quail: In Experiment II, hypophysec- 
tomized male quail (10 weeks old, 14 days after operation) 
showed considerably higher body weight (p < 0.05) and 
lower testis and adrenal weights (p < 0.001, p < 0.95, 
respectively) .than controls (Table XVIII). There was no 
Significant difference in thyroid weight. In Experiment 
TII, hypophysectomized male quail (12 weeks old, 10 days 
after operation) showed considerable reduction of testis 
weight ip <'0.,00lL)2 There was no difference in body weight, 


pineal weight, thyroid weight, or adrenal weight (Table 
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XVIII). In Experiment VI, hypophysectomized male quail 
(17 weeks old, 9 - 10 days after operation) showed consid= 
Grable reducti0n of testas weight (p< 0.001, Table XVIIL). 
There was NG difference in body weight, pineal weight, or 
enyeo id WeLone. In Experiments IV and V, HIOMT activity 
per pineal and per mg pineal did not show any significant 
difference between sham operated and hypophysectomized 
AGULG Male or female quail (Table XIX, Figures 23 jand 24). 
Pineal weight was not affected by hypophysectomy in either 
males or females. Gonad weight was significantly reduced 
(p < 0.001) after hypophysectomy in both males and females 
(Table XVIII). Body weight was reduced after hypophysec- 
tomy, but when body weights minus testis weights were com- 
pared there was no difference between hypophysectomized 


and sham operated birds. 


DISCUSSION 

Neither pineal weight nor pineal HIOMT activity 
showed any change after hypophysectomy either in young | 
(female) or in. adult (male and female) quail. This con- 
firms the results of Wurtman et al (L964) on rats. The 
gonads showed considerable atrophy after hypophysectomy, 
suggesting their complete dependency on the pituitary. 
This response of the gonads to hypophysectomy is in agree- 


ment with the reports on other avian species (Nalbandov 
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Figure 22. 


Pineal HIOMT activity of hypophysectomized 


birds 13 days after operation (6.5 week old 
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The vertical bar represents standard error. 
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Figure 23. Pineal HIOMT activity of hypophysectomized 
birds 2 weeks after operation (13 week old 
male quail) (Results of Experiment IV in 
Section IV-C) | 


The vertical bar represents standard error. 


Figure 24. Pineal HIOMT activity of hypophysectomized 
birds 2 weeks after operation (13.5 week old 
female quail) (Results of Experiment V in 
Section IV-C) 


The vertical bar represents Standard error. 
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Table XIX 
Effect of hypophysectomy on pineal HIOMT activity 


(Results of Experiments I, IV, and V in Section IV-C) 
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Group HIOMT activity hour 
cpm/pineal cpm/mg pineal 
Experiment I: 6.5 week old female; 13 days after operation 
Sham operation Ssh cA tes Teas: tp ley pend ee a NS, 
Hypophysectomy OT Oe eno Tei OO tee 4 


Experiment IV: -13 week old male; 14 days after operation 


Sham operation 5 Oe > ae B97 17369 ge Ae 
Hypophysectomy Speer es Meu ae pee ions Ly OG © 
Experiment V: 13.5 week old female; 15 days after operation 
Sham operation SPUSS 867 A O0S = 55g 


Hypophysectomy SepieOAn acd bl 7h | 4,641 + (ise 
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and Card, 1943; Baum and Meyer, 1956; Nague eteal, et 2637 
in the chicken; Baylé et al, 1970, in Japanese quail; 
Bradwevyandsicimes,~.L97 1, ini the duck): 

In Japanese quail, my work revealed no change 
in thyroid weight after hypophysectomy, in either young or 
adult birds. On the other hand, adrenal weight was reduced 
after hypophysectomy in young quail. A decrease in adre- 
nal weight and no change in thyroid weight was also repor- 
ted by Nagpaget al (1963) for the male pheasant (operated 
ates sweeks of sage)... In .ducks, a Significant decrease of 
adnenal weight was also reported in young birds (Bradley 
anGgHolmes,, 1971) .and in adult birds (Boissin cet al, 1966). 
In the pigeon, adrenal weight was considerably reduced 22 
days after hypophysectomy in young birds (1.9 to 2.4 months 
old), but there was no Significant difference 5 days after 
EhemoOperaei Ghia (MiLLerpe L9G 1s). 

On the contrary, 7 - 12 week old male chickens 
did not show a reduction in adrenal weight after hypophysec- 
tomy (Mitchell, 1929; Baum and Meyer, 1956; Newcomer, 
19597 Nagne eet gal, 11963), swhiles thyroid weight was reduced 
considerably after hypophysectomy (Mitchell, 1929; Baum and 
Meyer j.L956, Nagra etyal, 1963)... cin vadultahens..) Lhemthyro1d 
showed considerable atrophy 27 days after hypophysectomy 
(Mitchell, 1970). However, in chicks (3 week old males), 


a considerable reduction of adrenal weight was observed 22 
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days after hypophysectomy (King, 969) 25> This®is -inwagree= 
ment with the finding that the adrenal was more sensitive 
EOPACTHE INNS we week-old’ chicks than in older-bivds 
(Siegel, 1962). Ma and Nalbandov (1963) reported that in 
growing chickens (age is not given) adrenal weight of hypo- 
physectomized birds was lower than normal until 20 days 
geteemelc@Operacion, Dury that theres was mo c1gniftcant 
difference from 20 days to 60 days after hypophysectomy. 
Thesewresults™= for the chicken, together with tne 
eprects "Orestress On the adrenal) qvands of Hypophysecto-— 
Mizedwanamale (Brown et al, 1959), nave led) several inves- 
tigators to propose an autonomous function of the avian 
adrenal, or else an extrapituitary origin of ACTH in birds 
(Brown et al) 1953; Newcomer, 1959; Ma and Nalbandoy, 1262)" 
However, Bradley and Holmes (1971) have rejected this idea 
beceusewsOr their results wn ducks. sThus,) no general sstaue— 
ment can be made regarding the influence of the pituitary 
on the thyroid and adrenal glands of birds. Since the 
adult chicken's response waS opposite to that of most other 
avian species studied, and since young chicks responded 
differently to hypophysectomy than adults as far as thy- 
roid and adrenal weights were concerned, species and age 
differences may be more important among birds than mammals. 
Molting was observed in all hypophysectomized 


birds. This confirms the report by Hill and Parkes (1935) 
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for the chicken. According to Tanabe et al (1957) molting 
in Chebineachehien is not induced by a change in thyroid 
activity, but by a decrease in ovarian activity. This 
hypothesis fits the results reported here which showed 
considerable reduction of gonads and conspicuous molting 
after hypophysectomy, but no change in thyroid weight. 
Molting was also observed when Japanese quail were trans-~ 
ferred to a short photoperiod (Oishi, unpublished). This 
night also be due to the considerabie atrophy of the gon- 


eis nouced, by the short photoperiod. 
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D. ULTRASTRUCTURE OF THE PINEAL BODY UNDER LIGHT AND DARK 


CONDITIONS 


CINTRODUCTION 

Mesertrects Of the photoperwod won the amount of 
indoleamines and on enzyme activity (hydroxyindole-0o- 
MGEnY!trencrerace:, —HIOMT) in the* pineal body of birds are 
well known (Axelrod et al, 1964; Quay, 1966; Ralph et al, 
wOOr, nauber et aly 1968; "Alexander Cur al, 277 Usa, ne; boi 
fuss and Ellis, 1971; Lynch, 1971; see’ also Section IV-B). 
A photoreceptor function by the avian pineal is suggested 
by several “authors.” “Rosner et al (1971) “showed that Light 
micteaseq i lOMEzactivity Of the duck” pineal i Vitro. 
Munns (1970) reported that light caused high pineal HIOMT 
activity and increased testis weight in the canary, while 
covering of the pineal by black polyester resin abolished 
this response. Oishi and Kato (1968) also showed that 
direct illumination of the pineal with radioluminescent 
paint led to maintenance of large testes in Japanese quail. 
Pinealectomy abolished the photoperiodic response of the 
pituitary and the adrenal (see Section IV-A). On the 
Other thand, several electrophysiological studies farted 
tomstOwe any response of the pineal “to illumination (Morita, 
1966 b in the pigeon; Ralph and Dawson, 1968 in Japanese 
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quail and the house sparrow; Oksche et al, 1969 in the 
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pigeon). 

Quay and Renzoni (1963, 1966) reported that 
lengthening of the photoperiod induced an increase in 

{ 
nuclear size of pineal parenchymal cells and in the number 
of stainable commissuropineal neurosecretory cells in the 
house sparrow. On the other hand, Ralph and Lane (1969), 
in studies on the house sparrow, and Lane et al (1969) in 
Japanese quail, reported no correlation between changes 
in pineal cytology and the photoperiod, age or stage of 
sexual maturation. 

Ultrastructural studies have revealed that the 
avian pineal has cells with a lamellar complex attached 
to cilia. These have been considered by some investigators 
to be rudimentary photoreceptor structures (Oksche and 
Kirschstein, 1969, in the house sparrow; Collin, 1971, 
in the magpie). 

A secretory function by the avian pineal is sug- 
gested by the existence of secretory granules in the paren- 
chymatecel ls *(Puyie, lGn Quay et aly, 1966; Buschorre 
1969-"Okeche and Kirschstein, 1969-"Ueck, 1070;"'Collin, 
1971). However, there is only one report which suggests 
a relationship between the photoperiod and avian pineal 
ultrastructure. Fujie (1968) reported a greater amount 


of cytoplasm, which contained an increased number of small 
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granules, lysosomes and. lipid droplets, and a decreased 
number of dense-cored synaptic vesicles, in birds sub- 
jected to a long photoperiod. 

Consequently, pineal ultrastructure was studied 
in Japanese quail exposed to continuous light or continu- 
ous darkness in order to determine the effects of the photo- 
period on pineal cytology. The pineal body of newly hatched 


quail was also examined. 


MATERIALS AND METHODS 

Male Japanese quail, reared under continuous 
light until 17 weeks of age, were divided into two groups. 
Ten birds of one group were kept in continuous light and 
LO Otners were kept in continuous darkness for one week. 
In addition, two small groups of 10.5 week old male quail 
reared under continuous light were assigned as follows: 
one crown. (3 birds) in continuous Light and the other 
group (2 birds) in continuous darkness, for 5 weeks. 
Pineals were also taken from newly hatched quail (9 birds). 

Birds were killed by decapitation in the light 
Or dark conditions to which they had been assigned, and 
the pineal body was immediately removed and fixed in 3% 
Oitearas ietvde im 0325 M sucrose - 0.1 M phosphate butter 
(pH 7.4) (Sabatini et al, 1964) for at least 2 hours and 


then postfixed in 13 osmium tetroxide in 0.1 M phosphate 
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buffer (pH 7.4) for 2 hours. After fixation, the specimens 
were dehydrated with alcohol, infiltrated with propylene 
oxide, and embedded in Epon 812. Sections were made with 

a Porter-Blum MT 2 ultramicrotome using glass knives, and 
were doubly stained with 5% uranyl acetate in methyl alco- 
hol, and lead citrate (Reynolds, 1963). Specimens were 


observed with a Phillips EM 200 electron microscope. 


RESULTS 

The button-like distal end of the quail pineal 
body consists of many lobules. In each lobule, parenchymal 
celis are situated around a central lumen, which is sur- 
rounded in turn by connective tissue, capillaries and nerve 
fibers. Three types of cells were identified in the paren- 
chyma:;: photoreceptor cells (pinealocytes), supportive 
celts (glial cells), and nérve cells (ganglion cells). 
Pheverecepror cell) (pinealocyte): Tis type of vceld jhas 
Belem ana inleCrovil lie ex cending nto che fl umen (Rigs seo, 
Cores ecco 4) wa vhach cal ilum 15. Connected ato agwior lL sol 
Vamellar complex (Pig. 32) which is considered, to be va 
degenerated organelle comparable to the outer segment of 
the retina. In one case from a newly hatched quail pineal, 
a disc-like arrangement of the lamellae was observed (Fig. 
25). The microtubules of the cilium usually show a (9 + 


Oyconficueationm('ig. 27), ob sometimes "a (9 + %2)configu- 
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Pollo ui eo) ee lne cilium is .connectedsto alicellspra= 
cess protruding into the lumen of the lobule ("inner seg- 
Ment eOten Ca ee2 oc Ope (eand. 34) -ewhitehelsurieted 1 mito 
chondria. This inner segment in the newly hatched quail 
Rinea PAdisplays an ,abundant Golgi vapparatus , as well as 
botnecledmeandydense-CcoOred vesicles (Fig. 026). ale winner 
segment is separated from the rest of the cell by a neck- 
Prkescoustrtcti on jand at. thiscportionacel La unctaons 
(zonula adherens) can be seen between the neighbouring 
cella  (Ergs. 2/7,,34)2.,.In this: area, numerous microtubules 
Wine patelieletOurnie kl Ong saxlS sor the (Cell a(t ic wi) elie 
nucleus iS irregular in shape with one or two prominent 
nucleoli and is situated in the basal portion of the cell. 
In the cytoplasm ae the proximal part of porocess there are 
endoplasmic reticulum, scattered ribosomes, mitochondria, 
and Golgi apparatus associated with numerous vesicles 
Caiccrm oreo oO) eel ne. Dasa be poOntetOneOl ene. DiOEObeceDEoE 
cell extends many processes toward the basement membrane 
(Riga 29, 30 3, 436); these processes iuteuminguingewich 
nerve stibers. Occasionally, the end of Such a process can 
be seen in the pericapillary area... Vesicle-crowned .synap= 
tic ribbons are occasionally observed .in the s;rocess close 
to the basement membrane (Figs. 40, 47). Where a nerve 


ending is surrounded by processes of photoreceptor cells, 
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desmosome-like cell junctions can be observed between the 
nerve ending and the photoreceptor cell process ((Fig. 42) . 


Supportive cell (glial cell): This cell type shows clearer 


cytoplasm than the pinealocyte, with more abundant organ 
elles (Figs. 27, 28, 34). Many microvilli line the apical 
surface, but the cell lacks cilia. Num nerous’ mitochondria, 
Golgi apparatus, endoplasmic ea scattered ribosomes 
and microtubules can be seen in the cytoplasm. The DEOCES= 
esi oF this cell are difficult to distinguish from the 
processes of nerve cells. 
Nerve cell (Ganglion cell): The nerve cell body contains a 
nucleus, numerous mitochondria, and prominent endoplasmic 
reticulum. The perikaryon is embedded in the processes of 
photoreceptor cells close to the basement membrane (Figs. 
30, 36). Figure 36 shows several nerve processes which are 
considered to be dendrite and axon. Each contains numerous 
filaments. The nerve ending contains numerous synaptic 

° 
vesicles (about 500 A in diameter) and dense-ccred vesicles 


° 
Ciearlargem sune (lo 000, Alan diameter), (Pigs.629;, 32h, 425. 45, 


49, 50). 
Interlobu ilar connective tissue: . Red blood Gedis are seen 


in the capillaries, which are lined by fenestrated endo- 
thelial cells (Figs. 45, 48).  Unmyelinated nerve bundles 


are embedded in collagen fibers in the pericapillary area 
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(Figs. 37, 48). Myelinated nerve fibers are also seen in 
thee pericap isary area (Fig. .37).. 

Pile pineal yphotoreceptor cell from quail KepeE sin Continu= 
ous light: Close to the basement membrane, the photo- 
receptor cell processes contain many dense-cored, membrane- 
limited secretory granules (800 - 1,200 A in diameter) 
(Fig Seocieecum 40, 41, 42). Nearby are nerve processes 
containing synaptic vesicles and dense-cored membrane- 
limited vesicles (800 - 1,100 A in diameter). Occasionally 
ashalLto-depheted idense-cored, vesicle is seen (Fig.:41):. 


ibe Gitiea Pyohotomeceptarjcel lbohrom ques held! in wcontinus 


ousidankness ior 1 jweek: Membrane-limited, dense-cored 

O° 
vesicles (1,000 - 1,300 A in diameter) are observed in the 
processes ic bose tothe Lobulan,lumen (Figs... 43, 44)m; shes 


could not be observed in the pineal of animals in continu- 
CUS light, mebn ether pericapiellanyeneqvony, ghe wWEOocesses or 
the photoreceptor cell have only a few secretory granules 
(Fig. 45), as contrasted with the situation in continuous 
light. In the nerve endings, numerous synaptic vesicles 
and some dense-cored, membrane-limited granules are 
observed 25 1n the case of birds kept, in continuous daght: 
The pineal photoreceptor cell from quail kept an -continu= 
CUS. darkness, Tor 5 weeks: Membrane-limited, dense-cored 


vesicles are found in the processes close to the lumen 
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(Fig. 46), as in the pineal of birds in- darkness for 1 
week. Secretory granules could not be found in the proces- 
Sesoclose to, the basement membrane; (Figs: 47,6 4858.49). 


iy (cheamenyve endings: membranealimited vesilielesanre-.ebserved, 


and most of these show half or complete depletion (Figs. 


DISCUSSION 

Although there is physiological evidence indica- 
ting a photoreceptor function of the avian pineal, “typical” 
photoreceptor structures could not be observed except in 
one case in a newly hatched quail. It should also be noted 
that the brain of birds (probably the hypothalamus), 
which has not been reported to have a specific photorecep- 
tor structure, seems to receive light (Benoit, 1964; Homma, 
1969, Menaker, 1971; see also Section Loose 

The finding of both secretory and (apparently) 
sensory structures in the same cell type (secretory dnd 
Pueimentary photoreceptor cell = Collin, 1971) is confirmed. 
More secretory granules are seen in the pineals of birds 
in continuous light than in continuous darkness, in the 
photoreceptor cell processes of the pericapilllary region. 
(Wis stiggests that the Secretory activity of the pineal of 
Papanese quart is quite high in “continuous dight and low 


in continuous darkness, which confirms the report on the 
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chicken by Fujie (1968) and coincides with the findings on 
enzyme activity in light and darkness (see Section IV-B). 
However, some secretory granules of almost the same size 

as those described above were observed in the photorecep- 
tor cell processes close to the lumen when the birds were 
kept in continuous darkness, and secretory granules in 

this location could not be observed in the pineal in contin- 
uous light. This finding suggests that secretion into the 
capillaries occurs under light conditions, and into the 
lumen in darkness. Identification of the substances within 
these granules remains for further investigation. 

In nerve endings in the parenchyma, completely 
depleted or half-depleted membrane-limited vesicles were 
observed more frequently in darkness than in light. Since 
the origin of these nerve endings was hard to identify, it 
is not clear whether they are from sympathetic nerve fibers 
or from ganglion cells in the parenchyma. However, since 
sympathetic nerve fibers perforating the basement membrane 
into the parenchyma could not be observed in the present 
study, as reported in the sparrow by Ueck (1970), it 
seems more likely that these nerve endings originate from 
ganglion cells. 

The contact between processes of the photorecep- 
tor cells and nerve endings, presented in this study, which 


confirms the report in the sparrow by Ueck (1970), Suggests 
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the existence of “type one" cells (photoreceptor cell in 
connection with a ganglion cell, as classified by Collin, 
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V. GENERAL DISCUSSION 


The gonads of both male and female Japanese quail 
respond remarkably to the photopériod. This response was 
observed in the maintenance of gonadal weight by adult 
birds, as well as in the developmental phase. However, 
since Pamier atid Pollet (LOG Gg) Peporeed civ fhe gonadal 
growth curve is not the same for young as for adult quail, 
the possibility must be considered that different mechanisms 
are involved in the photoperiodic gonadal response during 
the two phases. The response of the adrenal to the photo- 
period was also different in young than in adult animals 
(Section IV-A). It fotious that one must consider not 
only the effect Of Jight on tropic hormone production and 
release, and thus on maintenance of target organs, but also 


the effect of Light on development of the hypothalamico- 


D 


hypophyseal-target organ system, on the development of th 
sensitivity of each endocrine organ to its tropic hormone, 
and on the interrelationships of the several endocrine 
organs. The maintenance phase of gonadal activity thus 
seems to offer an ideal system for the study of photoper- 
iodic gonadal responses, excluding the effects of light on 
the developing gonads via other systems described above. 

The pineal body seems to be involved in the devel- 


opmental phase of the photo-endocrine response. The adrenal 
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and the pituitary of young quail responded to the photo- 
period and this response was abolished by pinealectomy 
(Section IV-A). Hypophysectomy reduced adrenal weight of 
young quail considerably, showing a pituitary-adrenal 
wetationuship (Section 1V-C).. “Singh and Turner =(1967) 
reported that the administration of melatonin induced a 
decrease of adrenal weight in the chicken. These findings 
together with the marked effect of the photoperiod on 
pineal enzymes and on pineal ultrastructure (Section IV-B, 
Wyesuggest an important role of "the pineal in tie phore— 
periodic responses and in the pituitary-adrenal axis 
relationship. On the other hand, thyroid weight was not 
affected either by the photoperiod or by pinealectomy. 
Even hypophysectomy could not induce any change in thy- 
PoCmWweriiirm(SeCElON  fV-C).) Singm ald luriere (967) 
reported no effect of melatonin on thyroid weight and on 
the thyroid secretion rate in chickens. Thus, the avian 
thyroid appears to be autonomous at least in the species 
SOmlar examined (see Section LV-C). Singh and Turner (1967 } 
further reported a marked effect of melatonin on thymus 
Wergnt. lt would be of interest to investigate Che verfect 
of the photoperiod and of pinealectomy on the thymus. 
Since Hamner (1963) demonstrated the involvement 


of the biological clock in the photoperiodic gonadal response 
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of birds, the importance of the clock in this system has 
been noted by several other investigators (Wolfson, 1965; 
Farnereanc Follett, 1966> Follett and Sharp, 1969). Mena- 
ker and his colleagues recently reported evidence for 
pineal-mediated”™ entrainment of locomotor activity rhythm 
and body temperature rhythm in the house sparrow (Gaston 
encuMenakch, 960; Binkley Cl a oi lion ake tae bo jee. 
hese reports suggest the possibility that the pineal acts 
ased —ClLOCK center” which regulates the photoperiodic gon 
adal response and other photoendocrine responses. The 
present results (Section IV-B, D) show pronounced effects 
of the light-dark cycle on pineal enzyme activity and on 
pineal ultrastructure, and provide supporting evidence for 
the proposed role of the pineal as a "clock center". The 
interrelationships between the photoreceptor (s), the bio- 
VogLealeclockeand the hypothalamo =) endocrine Ongan syscens, 
angmthe Tole of the pineal in this system are=interesting 
problems for later investigation. 

din(S> SSRN UNS, Vole NeioherWoyae AINMIN abalemhetGuierjeieke, gels Teh qeiatsk= 
retinal, extrapineal, extra Harderian gland photoreceptor 
isethe major photoreceptor tor light-induced’ gonadal main= 
tenance. However, the pineal seems to be the photorecep- 
tor for the photoperiodic adrenal response. This suggests 
different photoreceptor systems for the several photobio-~ 


logical phenomena and confirms Menaker's (1971) finding 
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that photoperiodically-induced gonadal activity and entrain- 
ment of locomotor activity rhythm are separately controlled. 
The threshold intensity and the action spectrum under low 
light intensity for the maintenance of mature testes of 
quail were determined to be almost the same in blinded birds 
aS in intact birds. Thus, the extraretinal photoreceptor 

is shown to be highly sensitive to light, although it does 
not seem to have specific structures for photoreception. 
The precise location of this receptor and its mechanism 

of photoreception remain to be explored in future experi- 


ments. 
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VI. CONCLUSIONS 


1. The photoreceptor (s) for light-induced gonadal 
maintenance in male Japanese guail was shown to be restric- 
ted to the head region. 

2. The primary photoreceptor was shown to be at an 
extraretinal, extrapineal, extra Harderian gland site, 
probably in the brain itself. 

3. The eyes and the pineal body appear to function as 
auxiliary photoreceptors or as light guides. There is no 
evidence that the Harderian gland serves as a photoreceptor 
in Japanese quail. 

A. The light intensity threshold necessary to main- 
tain maximal gonadal size in both intact and enucleated 
adult male quail was determined to be approximately 1.57 - 
PEP Uw lon. 

yf if intace birds, “the ‘portions of the wisible 
spectrum effective for maintenance of full gonadal matur- 
ity were red (625 nm) and green (500 nm) when the light 
was ten times the threshold level (dim light), while only 
red light was effective at the threshold level (x 0.1 dim 
AEGIS) 

6. In enucleated birds, the action spectrum under 
dim light was the same as for intact birds under x 0.1 dim 
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7. Weights of developing endocrine Organs (pitui- 
tary, adrenal and gonad) were higher in continuous Laqne 
(24L/C0D) than in a short photopericd (8L/16D) in 5-week 
old Japanese quail after 3 weeks of lighting treatment. 


These light-induced responses of pituitary weight and 


adrenal weight were abolished by pinealectomy in both males 
and females, while gonadal weight was not affected by 
pinealectomy. There was no effect of either the photo- 
period or of pinealectomy on body weight or thyroid weight. 
8. Hypophysectomy caused marked atrophy of the gonads 
(young females and adults of both sexes) and adrenals (6.5 
week old oe ise and 10 week old males) within 10 - 14 | 


days. Body weight, thyroid weight, pineal weight and 


pineal hydroxyindole-O-methyltransferase (HIOMT) activity 


= 


were not altered by hypophysectomy. 


a, Pineal HIOMT activity cf adult birds was high in 


ess. The optimum temperature for 


3 


light and low in dark 


HIOMT activity assay in vitro was determined to be 47 °C. 


10. Three types of celis were identified electron 
microscopically in the parenchyma of the pineal: photo- 
receptor cells (pinealocytes), supportive cells (glial 
cells), and nerve cells (ganglion cells). Both rudimentary 
photoreceptor structures and secretory granules (800 - 


ie) 
1,200 A in diameter) were observed in the photoreceptor 
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cells. There was a greater number of secretory granules 
in the photoreceptor cell processes close to the pericapil- 
lary area.under continuous light than under continuous 


darkness. Under continuous darkness, the photoreceptor 


r 


cell processes contained secretory granules close to the 
lobular lumen. Half-depleted and completely depleted dense- 
cored membrane~limited vesicles were frequently observed 


in nerve endings under continuous darkness. 
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Figure 25. Electron micrograph’ showing, discs@amstie 
outer segment Of a pineal photoreceptor cell. 


Numerous mitochondria can be*seen in the 


inner segment. Newly hatched ‘quail. 
@y : disc, OS: outer segment, IS: inner 


segment, (MIs |mitechondruia ys Cec yin, 
GA: Golgi apparatus, L: lumen 
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Figure 26. 


A photoreceptor cell process with prominent 
Golgi apparatus, in the. lumen of a pineal 
lobule. Membrane~limited dense-cored vesicles 
(eO0 Os = i 00 A in diameter: A) and numerous 
vesicles without a dense-core (400 - 800 A in 
diameter: |) can be seen. Newly hatched 
(feqbieclh. | 

GA: Golgi apparatus, MT: mitochondria, 

ER: endoplasmic reticulum, L: lumen 
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Figure 27. Apical portions of a photoreceptor cell (dark) 
and a supportive’ cell (light)... sar cet imceran 
(ZA) is observed between the neighbouring cells. 
At this region, the photoreceptor Gell cyto-= 
plasm is constricted into a neck which separ- 
ates the inner segment from the remainder of 
the céli. Both cell types have many mitochon- 
dria in the inner segment. At the neck, numer- 
ous microtubules run parallel te the long axis 
of the cell. Cilia of the (9v-+ 0} cenitiagusa son 
can be seen in the lumen. Newly hatched quail. 
IS: inner segment, ZA: zonula adherens, 

Ci: cilium, MPs emi tochondria,. 1 eeu me 
PC: ‘photoreceptor ‘cell, SC) sipportavonce ue 


x 18,400 


Figure 28. A large nucleus with prominent nucleolei and 
slim cytoplasm, characterizing the dark 
photoreceptor cell. Mitochondria and endo- 
plasmic reticulum are richer in ene Light] 
staining supportive cell than 1h ne wpaoco- 
receptor cell. Newly hatched quail. 

N: nucleus, NO: nucleolus, GA: Golgi 
apparatus, PC: photoreceptor cel. =. 
supportive cell 
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Basal portions of several photoreceptor cells: 
Many cell processes protrude toward the peri- 
Capillary area. ‘These processes are inter- 
mingled with nerve fibers. In-the nerve 
fo) 

ending, Synaptic vesicles (about S00 Aim 
diameter ~ {) and membrane-limited dense-cored 

. © 
vesicles (about 1,/000° A: in®dvamecer - A) can 
be seen. Newly hatched quail. 


x 18,400 


a rd “s + 7 
ee, ee ee 


L637 


Erg ure ou. 


A ganglion cell body with numerous mitochon- 

dria, a nerve ending and the processes) o7 ea 

photoreceptor cell can be seen in the peri- 

Capillary area. The photoreceptor) cell pro- 

Cesses Culitain itenbrane-Limited dense corea 
1é) 

vesicles (800 - 1,200 A in-diameter - }). 

A nerve ending shows synaptic vesicles and 

membrane-limited dense-cored vesicles (A). 

Newly hatched quail. 

BM: basement membrane; GC: ganglion cell; 


NE: nerve ending 
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Figure 31. 


A nerve ending adjacent to several photorecep- 
tor) cell processes. ke processes Sf the 
photoreceptor cell contains membrane~limited 
secretory granules Gis and have many vacuoles 
(VA). in the nerve ending, there are promin- 
ent mitochondria and synaptic vesicles. 
Membrane-limited dense-cored vesicles (A) oF 
the same size as those of the photoreceptor 
cell, can also be seen in the nerve ending. 


Newly hatched quail. 


NE: nerve ending, PP: process of photorecep- 
tor cell, VA: vacuoles, BM: (basementamein— 
brane 
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The lamellar ‘complex Gf a photonrecepion cell. 
Note the cilium connected to the lamellar 
complex. Adult quail. 

Lb: lumen, @C. 2) PCa tume (os pees cy ener 
lamellar complex 


x 307400 


‘tt 


Pott. 


as 


166. 


Bale abbete 536i 


A Cilium comnected to: the inner segment of a 
photoreceptor cell. Adult quail. 

Ci;e cilium, ZA: ~“zonula aadnerens, wo; 
inner segment, MV: microvilli 
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Fourgure. 24. 


The apical portion of a photoreceptor cell yana 
a supportive cell. Both cells contain numerous 
MiLtocnondrida. sAdulr Guaday. 

L: lumen, PC: photoreceptor cell, $C: 
supportave cell, Cl: erlium, SMVe9 stecrovme ee, 
TAs gonula adherens, IS: inner *seécqment 
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A portion of the cytoplasm of a photoreceptor 
Gell, Containing abundant Golgi apparatus, 
with vesicles. Endoplasmic reticulum and 
scattered ribosomes can also be seen. Adult 
Cuca, 

N: nucleus, MT: mitochondria, GA: Golgz 
apparatus, ER: § endoplasmic retreulum, 

feo VesLoves 
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A ganglion cell body embedded in the processes 
of several photoreceptor cells and surrounded 
by a basement membrane. The extended ganglion 
cell processes (probably axon and dendrite) 
contain numerous filaments (t). The peri- 
nuclear cytoplasm is rich Be erica terele dis and 
endoplasmic reticulum. Adult quail. 

GC: ganglion cell, PR:) process .omg ccc. 
receptor cell, BS: basement membrane 
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Figure 37. Myelinated (MN) and unmyelinated (UN) nerve 
fibers in the pericapillary area. Prominent 
Schwann cells surround several of the nerve 
Prbers se Ada terG vali. 
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Figure 38. Numerous membrane-limited.dense-cored vesicles 
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etory granules) (300 —— 17700 A in dia- 
meter - +) in the One ae a photoreceptor 
cell, close to the basement membrane (BM). 
Adult quail, maintained under continuous light. 
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Figure 39. Secretory granules of a photoreceptor cell in 
higher magnification than Figure 38. Adult 
quail maintained under continuous light. 
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Figure 40. Processes of a photoreceptor cell. Secretory 
granules (A) and a vesicle-crowned synaptic 
peuulejevoye: (2 )) Giska, pels, WSkererle Adult quail maintained 
under continuous light. 
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Figure 41. 


Processes Of a photoreceptor iceliaPPieanag 
nerve endings (NE) in the pericapillary area. 
Halt depleted) secretory granules wmecaieve 
seen in the nerve ending. Adult quagdl main— 
tainea wider continueus Ligne. 
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Figure 42. A nerve ending (NE) surrounded by photorecep- 


tor cell processes (PP). Both cells contain 
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(4). Desmosome like junction can be seen 
between the two cell Cones (A) . Adult guail 
Maintained: under continvouss tigi. 

CR eco Lag erniwenad Doan 


x 52,000 


AN RS 


Figure 43. 


Photoreceptor cell processes bordering the 
lumen of a pineal lobule. Membrane-limited 
dense-cored vesicles (1,000 - 1,300 A Lipa 
diameter - +) can be seen close-to the lumen. 
A lameilar complex (LC) lies in the lumen. 
Adult ‘quail maintained in “contanuousscariice. 
for 1 week. | 
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Figure 44. 


The process Of a photoreceptor) cella progect— 


ing into the lumen of a lobule? contains 


membrane-limited dense-cored vesicles (+). 
79 4 eee Be igtitean en ante a ee ~A1T rey ahaArre 
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Golgi apparatus (GA), endoplasmic reticulum 


(ER) and scattered ribosomes. Adult quail 
maintained under continuous darkness for 1 
week. 


x2 307400 


78% 


Figure 45). 


A nerve ending (NE) and the processes of 
several photoreceptor cells (PP) in the peri- 
Capillaryvearea. Only agtew secretory granules 
can be seen in the process of the photoreceptor 
cell (4+). The nerve ending contains numerous 
synaptic vesicles and membrane-limited vesicles 
(A), some with half-depleted dense-cores. 

Adult guail maintained in continuous darkness 
fori wee. 

RB: red blood cell; EC: endothelial cell 
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Figure 460.9 Membrane=Vinited dense-cored vesicles (+) in 
| the process of a photoreceptor cell in the 
lobular lumen. Adult quail maintained in con- 
tinuous darkness for 5 weeks. 
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Plquremey 


Processes of photoreceptor cells (PP) eclose 
to the basement membrane. the processes are 
devoid of secretory granules. A synaptic 
ribbon-like structure can be seen (A). AGUICG 
quail maintained in continuous darkness for 

5 weeks. 

BM: basement membrane 
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Paguce 240m 


Unmyelinated nerve bundles (NB) in the peri- 
capillary area. The photoreceptor cell pro- 
cesses (PP) are devoid of secretory granules: 
Adult quail maintained in continuous) darene.> 


for 5 weeks. 
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Figure 49. Processes of photoreceptor cells (PP) and 
nerve endings (NE). There are aA secretory 
granules in photoreceptor cell processes. 
the nerve endings COnLai nen umerere synaptic 
vesicles and membrane-limited vesicles with 
half-depleted dense-cores (¢). Adult guail 
maintained in continuous darkness for 5 weeks. 
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A nerve ending at high magnification. Note 
the membrane~limited vesicles with half (+) 
and completely (A) depleted dense-cores. 
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